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ABSTRACT
Like many universities, the University of Rhode Island is facing challenges dealing
with traffic volume, due to its growth over the last twenty years and the lack of
transportation infrastructure to provide the capacity it needs as it exists currently. For
the University of Rhode Island, Single-Occupant Vehicles (SOVs) comprise
approximately 90 % of those traveling to the university, and very few use alternative
means of transportation such as public transit or bicycles, which exacerbate the trend of
congested roadways adjacent to the campus during peak hours of an academic semester.
This thesis addresses these consequences and the traffic burden with the analysis of
occurring traffic flows caused by URI Kingston campus of today and in the future if
traffic volumes change or surrounding road infrastructure varies at certain locations.
This research effort processes raw data, sets up a simulation model with the software
VISSIM®, distinguishes between base cases and scenarios, models, evaluates, and gives
recommendations for future applications. Findings of the case study depict that the
occurring traffic volumes are already reaching and partly exceeding the road network’s
capacities during peak hours. In addition to current conditions, the simulated scenarios
of an increasing total traffic volume worsen conditions, however, a decrease by only
10 % leads to significant relief. The implementation of a roundabout at the intersection
of Route 138, Ministerial Road and Plains Road is highly advisable. In conclusion, URI
must reduce its traffic volumes and change its car-dominant transportation pattern to
prepare for sustainable growth.
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1
1.1

CHAPTER 1 – INTRODUCTION

MOTIVATION FOR THE STUDY
URI is facing growth, which can be seen in the capital investment of several

buildings across all campuses and in the increasing number of students, faculty, and
staff who total more than 21,000 people (The University of Rhode Island, 2020a). One
challenge resulting from its current existence and growth during the last decades is how
to deal with the traffic volume associated with commuting to and from the campus.
Approximately 90 % of the commuters travel in Single Occupant Vehicles (SOV), and
this is a major impact on the high traffic volume on the roadway network surrounding
URI during the peak hours (VHB, 2018). For instance, Rhode Island State Route 138,
which runs adjacent to URI on its southern boundary is affected and experiences
congestion regularly (Local Conditions, 2019). Additionally, the low number of users
of alternative means of transportation, such as public transit or bicycles, aggravates this
trend.
Being aware of its responsibilities to fight against consequences of traffic, URI
prepared a Climate Action Plan and commissioned a Transportation and Parking
Master Plan (TPMP), which was prepared by a committee of experts and published in
March 2018. It includes recommendations of key components, such as the improvement
of roadways, parking facilities, transit and shuttle services, as well as pedestrian and
bicycle enhancements, which should enhance the ability to see a modal shift in
commuter traffic. Studies can be found amongst research conducted by students and
faculty that attempt to address these issues as well. For instance, the 2011 GHG
Emissions Inventory of URI was captured by a student’s project (Rolashevich, 2012).
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Even as URI is in the process of conducting traffic studies and counts which are planned
to be analyzed to set up a simulation model in the near future, a similar approach in the
field of transportation is achieved by the production of this thesis, leading to the
motivation to take part in working on upcoming tasks as being part of URI.
This thesis gives, with the help of a valid traffic flow simulation, insights about the
commuting traffic of URI’s Kingston campus and provides the base for a suggestion of
improvement. Furthermore, it shows a high importance on the advancement of
knowledge for URI policy to continue the work to enhance the University and to be
better prepared to address future tasks.
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1.2

GOALS AND OBJECTIVES
Addressing the potential challenge described above, the goal of this research is to

develop a traffic model of the URI campus system and the surrounding road network.
The following objectives describe specific actions emphasizing the approaches which
are necessary to achieve the above-mentioned goal:
1. To define a base case and scenarios to analyze different traffic volumes and
network configurations for the total road network performance and certain
critical nodes.
2. To model accurate input data for traffic routing assignments for the campus.
3. To analyze the impact of these traffic flows based on Average Queue Lengths,
Vehicle Delays, Fuel Consumption and Carbon Monoxide (CO) Emissions as
measures of effectiveness.
4. To compare scenarios for recommendations to provide guidelines for the
campus transportation sustainability.
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1.3

ORGANIZATION OF THE STUDY
This thesis is separated into six chapters. The first chapter gives an understanding

about the justification of the study and its goals and objectives.
The second chapter reviews literature from the current time and briefly takes the
history of traffic flow simulation into consideration. It underlines the importance of
improving existing and future transportation systems, among other things, with the
implementation of traffic flow simulation. Chapter 2 includes the context of educational
establishments, such as the University of Rhode Island (URI), too.
Chapter three gives insights about the applied methodology of the conducted case
study. It starts with defining the scope and stating the modeling process. Afterwards, it
explains the data processing used in terms of data collection, analysis and input, and
continues with the explanation of the traffic flow simulation in a base case and further
scenarios.
The fourth chapter presents the research findings. It is separated into two parts: (1)
distinctive locations of the modeled network that should be evaluated; and (2)
limitations of this model.
Chapter five emphasizes potential improvements and provides guidelines for URI
in how to handle future traffic volumes. The guidelines are divided into different scopes
of application.
Finally, Chapter 6 summarizes the thesis and concludes the results of the study.
Furthermore, it gives an outlook towards the applicability of the study in the future.
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2

CHAPTER 2 – REVIEW OF LITERATURE

The following chapter delivers insights into the undertaken literature review on
different scales. The sections distinguish between general transportation planning
approaches in Section 2.1, traffic engineering approaches in Section 2.2, facts about
traffic simulation in Section 2.3 and about university-related transportation actions in
Section 2.4.
2.1

GENERAL TRANSPORTATION PLANNING APPROACHES
In terms of traffic analysis, it is crucial to understand how general transportation

planning approaches work and how traffic develops to get an understanding of the steps
that professionals conduct in a planning process. The following gives a short overview
of these planning approaches.
General transportation planning is defined as “a collaborative and participatory
process involving agencies, organizations and the public in a comprehensive look at
national, state, regional and community needs … It examines demographic
characteristics and travel patterns for a given area, shows how these characteristics will
change over a given period of time, and evaluates alternative improvements for the
transportation system” (ITE - A Community of Transportation Professionals, 2010). It
offers several approaches how to handle occurring and potential traffic volumes.

5

Regarding the study of traffic impacts, a well-established four-step model
simplifies how traffic demand develops. The process is shown in Figure 1.

Figure 1: Four-Step Model of Traffic Demand in Transportation Planning

The model depicts the four steps which are separated into “Trip Generation”, “Trip
Distribution”, “Mode Choice and Route Assignment”. “Trip Generation” gives numbers
about the frequency of trips separated into origins and destinations mostly based on
demographic or socio-economic factors. “Trip Distribution” connects the generated
origins with the destinations. “Mode Choice” matches the trips with certain available
transportation modes. “Route Assignment” relates the trips of origins and destinations
with a mode to a specific route. After going through all four steps, a traffic demand
estimation is established.
Additionally, during the application of the above explained model, it is necessary
to input specifications about the project to complete the sequences step-by-step. More
precisely, it is critical to define the study area to be examined, to take a look at the
prevailing infrastructure, and to determine the different modal shares which are
occurring. Figure 2 depicts how a traffic study area can be partitioned for analysis
(Salter, 1989).
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Figure 2: Study Area, Analysis Zone and the Distribution of Traffic Volumes
(compare: (Salter, 1989))

The model “Study Area, Analysis Zone and the Distribution of Traffic Volumes”
is separated into two parts. The left part shows a whole study area (continuous line)
which integrates a planning area (dashed line) and analysis zones (dotted line). As an
example, one analysis zone is shown in the right part of the figure. It emphasizes the
different kinds of occurring traffic. The four kinds are: originating traffic, which has its
start in the cell; terminating traffic, which has its destination in the cell; through traffic,
which finds its way through the cell but does not start or end in the cell; and at last,
internal traffic, which has its start and end in the cell. This planning approach makes it
clear that it is necessary for transportation engineers to confine a certain area for
investigation and to study where traffic originates and terminates. Section 3.1 shows
such a differentiation for the case study of URI in its methodology. Below, Figure 3
shows how road infrastructure can be classified.
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Figure 3: Hierarchy of Roadway Classifications (Roess et al., 2019)

The “Hierarchy of Roadway Classifications” helps traffic engineers to handle
occurring traffic when it is mostly road based. For larger facilities such as universities,
it is recommended to respect the surrounding road network. The model classifies
roadways in four levels. From large to small, you can see freeways, arterials, collectors,
and local streets.
This hierarchy of roads underlines that if there is a facility which creates a large
amount of traffic volume, one should be aware of how it originates and terminates at its
location. For instance, a highly popular sport event would probably not be accessed in
an appropriate way by car if the surrounding roadways are only classified as local streets
with a low capacity.
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As an additional consideration, it is advisable to consider different modal shares
and their networks. Figure 4 is an overview of a network model.

Figure 4: Overlap of Different Networks of Modal Shares to find Common Network Elements
(modified) (Steierwald & Künne, 1994)

Figure 4 shows three different layers which are separated from each other. The
upper layer shows the modal share as public transit, the middle layer as individual
traffic, and the lowest layer as the share of pedestrian and bicycle circulation. The figure
illustrates that if different networks of modal shares are compared with each other, then
similarities can be found that can lead to synergy effects. For instance, the bus lane of
public transit infrastructure can be useful for bicycles as well.
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2.2

TRAFFIC ENGINEERING APPROACHES
Besides from the associated profession of transportation planning, which focuses

among other things on various aspects of human behavior, the forecasting of
transportation demand and the assessment and development of plans to consider the
society’s mobility and travel needs, the profession of traffic engineering is defined as
“A branch of civil engineering, traffic engineering concerns the safe and efficient
movement of people and good along roadways. Traffic flow, road geometry, sidewalks,
bicycle facilities, shared lane markings, traffic signs, traffic signals, and more – all of
these elements must be considered when designing public and private sector
transportation solutions.” by the Institute of Transportation Engineering. The everbroadening profession focuses on multimodal traffic systems and complex correlations
of mobility.
Initially, traffic engineering was focused only on the structural and physical design
of roadways. With the development of automobiles and additional transportation modes,
the profession evolved to deal with more complex movements in its roadway
environments. (Roess et al., 2019).
Besides the work to design roadways, today’s traffic engineers are facing varied
areas of responsibility, including work that deals with roadway design, traffic signal
operations, traffic analysis, traffic safety issues, traffic modeling, etc. Traffic modeling
may involve work such as optimization or different levels of simulation. Traffic
simulation is explained in section 2.3.
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2.3

TRAFFIC SIMULATION
The following Sections, 2.3.1 to 2.3.3, provide insights into the history of traffic

simulation, its characterizations and different rationales to justify the setup of simulation
models.
2.3.1

HISTORY

The development of traffic flow simulation followed a long process during the last
decades. One of the pioneers in this field was Bruce Greenshields who was an American
researcher, author of numerous articles about traffic behavior, and a traffic consultant
for several companies and federal agencies.
In his prominent traffic research, he developed relations between photography,
traffic flows and mathematics (ITE - A Community of Transportation Professionals,
2020). The first publication of Greenshields regarding traffic flow models was
submitted at an annual meeting of the Highway Research Board in the 1930s (Kessels,
2019). As a base of this published research, Greenshields assumed the relation between
vehicles and their velocity which led to the setup of a fundamental diagram (van
Wageningen-Kessels et al., 2015). This diagram served and still serves today as a
theoretical base for traffic flow simulation.
The availability of digital computers in the early 1950s allowed the beginning of
the development of traffic simulation and the application of theories, such as from
Greenshields. During this time, the first simple traffic simulation of intersections or
freeway sections were done, and related research societies recognized the need for
analytical terms and developed further theories. After the improvement of computers,
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research agencies, such as the U.S. Federal Highway Administration, supported the
progress of traffic simulation in the 1960s and 1970s and the number of users increased.
In the next decade of the 1980s, the integration of traffic operations with traffic
assignments were introduced and the additional benefit of simulation were recognized
by transportation planners. The 1990s intensely strengthened the evolution of traffic
simulation with rising personal computing power and a higher interest in research and
development. A large variety of simulation-based products for commercial users were
marketed worldwide, mostly for macroscopic applications. One prominent software
package was PTV-VISUM®, which still finds application in today’s research studies. In
the 2000s, the steady improvement of computer capacities led to the higher spread of
simulation applications (Rioux, 2015).
2.3.2

PROCEDURE, CHARACTERISTICS AND TYPES

To this day, the application of simulation is a mature technology in scientific and
economic fields and subject to continuous improvement and expansion. In planning to
conduct a traffic flow simulation, the steps of the “Traffic Flow Modeling Cycle”
(Kessels, 2019) can be used. Figure 5 depicts the five major steps.
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Figure 5: Traffic Flow Modeling Cycle (Kessels, 2019)

First, observations for data collection must be conducted. This allows a basis upon
which to build a theory about individual drivers, about their behavior, and in general
about the traffic flow. Afterwards the theoretical framework sets up a theory, builds a
model and substantiates it by creating a discretized model. The discretization changes
the given model. It prepares the model for the following simulation, for instance, by
dividing the considered time into discrete steps. The simulation itself is done by
implementing the discretized model into a computer simulation and complementarily
applying the largely inductive process. Taking the simulation results into consideration,
the whole process can be calibrated and validated when comparing these results to the
observations (Kessels, 2019).
Regarding the different types of road traffic simulation, in general there are four
different categories which can be subdivided into macroscopic, mesoscopic,
microscopic and nanoscopic. Macroscopic simulations reflect the traffic as highly
aggregated in terms of traffic flows. Contrary to that, microscopic simulations are based
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on more detailed data in terms of interactions and behavior for unities which are related
to specific vehicle parameters like headways, acceleration, or position. Mesoscopic
simulations show a medium detailing, which means that traffic is mainly represented as
queues of vehicles. The characteristics of nanoscopic and submicroscopic simulations
respectively are even more detailed than microscopic simulations due to the reason that
vehicles are considered in multiple subunits. One significant advantage of this is the
potential consideration of detailed insights about complex decision processes of the
driver, vehicle dynamics or the interaction with vehicle surroundings (Behrisch &
Weber, 2019).
Regardless of the level of detail in traffic simulation, Section 2.3.3 gives insights
about the rationale to apply traffic flow simulation in different contexts.
2.3.3

RATIONALE TO APPLY

In general, simulation modeling is a powerful tool for designing improvements to
roadway systems. In these cases, simulation models enable traffic professionals to
predict the results of potential changes in infrastructure facilities and traffic volumes
(Columbia River Crossing, 2006).
These potential changes are subjected to a continuing process due to variations in
traffic demands. Most notably, it is reflected when considering the world’s population
prediction. The global population is forecasted to highly increase over the next decades.
Compared to today’s less than 8 billion inhabitants worldwide, the prediction shows that
in the year 2050, around 9.8 billion and in the year 2100 approximately 11.2 billion
people will live on this planet (United Nations - Department of Economic and Social
Affairs, 2017). Coming along with this population growth, the need of transportation
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facilities increases as well. A correlation can be seen in Figure 6, which depicts the
nature of transportation demand, modified from Roess et al. (2019).

Figure 6: The Nature of Transportation Demand (modified) (Roess et al., 2019)

The figure shows the interdependence between transportation demand, its facilities
and land use. If a transportation demand can be handled on as small of a facility as
possible, then the land use is at a low scale as well. Additionally, if certain transportation
facilities with extensive land use are too large, a correlation to the transportation demand
can be expected. The nature of transportation demand implies that transportation
planning is not only about the establishment of new mobility solutions but also about
the efficient use of the existing systems on a certain land use. Especially, consideration
of the most efficient use of transportation facilities to handle high transportation
demands on a low land use scale is important for urban regions which will experience
higher agglomeration during the next decades. By 2050, approximately 2.5 billion more
inhabitants will live in primarily Asian or African cities in countries such as India, China
or Nigeria (UN News - Global perspective Human Stories, 2018). As a result of that,
existing and future transportation systems need to be adjusted to this massive increase.
For future applications of traffic flow simulation, continuous research for its
applications is necessary. As already outlined in Section 2.3.1, recent progress during
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the last decades in data collection, communication technology and development of
computer performance have let to simulation that do a remarkable job in replicating the
behavior of drivers. This leads to the understanding of traffic actions that, for instance,
involve accidents in traffic systems (Young et al., 2015). Due to these improvements in
traffic flow simulation, it will lead to safer, more efficient, and more ecologically
adapted applications.
Considering these aspects and focusing on sustainable adjustments and growths, it
is of utmost importance to keep in mind that sustainability is an overlapping condition
of the three aspects of social equity, environment and economy, which can be seen in
Figure 7 as modified from Brusseau (2019).

Figure 7: Venn Diagram of Sustainability (modified) (Brusseau, 2019)

The figure shows the relation between the three bases of sustainability. The theory
reveals that sustainability requires balance between all dimensions. Social equity aims
at the preservation of social capital with investments and the creation of services that fit
the structures of society. The concept addresses the world’s relation to globalization,
cultures, and communities. The economic aspect is aiming the maintenance of the
capital intact. It focuses on improvements for standards of living. The environmental
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aspect targets to improve human welfare considering the protection of natural capital.
(RMIT University, 2017)
Combining just two of them leads to different conditions: the overlap of social
equity and the environment leads to bearable, the overlap between social equity and
economy to equitable and the overlap between the environment and economy to viable.
Moreover, other approaches consider that the three fields are connected and overlap in
different ways, like the arrangement of social equity in the economy and both in the
environment. Either way, in every consideration of sustainability, all three dimensions
must be kept in mind.
The following four Sections, 2.3.3.1 to 2.3.3.4, focus on the three dimensions of
sustainability and additionally on technical aspects but keep the focus on a broad scope.
Deeper insights about transportation planning approaches of different universities and
URI are given in Section 2.4.
2.3.3.1 SOCIAL DIMENSION
Concerned about the social inequity of global conditions, the United Nations (UN)
set a 2030 agenda for sustainable development. The agenda compromises 17 goals and
169 targets which should achieve a more sustainable and better future for everyone
(United Nations - Department of Economic and Social Affairs (Population), 2020b). For
instance, one of the main goals focusing on transportation is “Goal 11: Sustainable Cities
and Communities”. One objective of this goal is to provide affordable and sustainable
transportation systems that are safe, accessible, affordable, and sustainable for everyone.
Furthermore, it is necessary to expand public transit and improve road safety (United
Nations - Department of Economic and Social Affairs (Population), 2020a). Agreeing
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with the objectives from the UN and of traffic engineering as a profession, the primary
objective of transportation systems is safety. Other objectives in the dimension of social
equity are travel time, comfort and convenience, which get along with social satisfaction
(Roess et al., 2019).
To conclude, it is indispensable for today’s and future transportation systems,
particularly in terms of a growing demand, to consider the social dimension providing
convenient systems for everyone. One step towards that direction is to implement traffic
flow simulation for improving and adjusting transportation systems.
2.3.3.2 ECONOMIC DIMENSION
Since most transportation systems are financed with the help of public funds, they
must be planned, built, and operated economically to benefit everyone and comply with
economic principles.
As emphasized in the previous section about the UN’s goals, transport systems
must be affordable and accessible for all (United Nations - Department of Economic
and Social Affairs (Population), 2020b). Systems run efficiently if utilization is high
while setup and running costs of systems and networks are low, which therefore results
in low costs for users.
One approach to estimate costs for planned transportation systems is to simulate
processes in advance to spot weaknesses and improve structures before they are in place.
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2.3.3.3 ENVIRONMENTAL DIMENSION
Next, the environmental impacts are focused on, which gain particularly high
attention in the UNs’ goals. Further objectives of the above-mentioned “Goal 11:
Sustainable Cities and Communities” comprise the reduction of the environmental
impact of cities, supporting the process of inclusive and sustainable urbanization and
the promotion of strong national and regional development planning. All of these are
just a few approaches of the global goals of minimizing the ecological footprint of
communities and cities.
In addition to the primary objective of traffic engineers to design and maintain safe
transportation systems, the other objectives of travel time, comfort, convenience,
economy and environmental compatibility play a vital role in environmental impact of
transportation systems as well (Roess et al., 2019). The steadily increasing trend of
policies to act in a greener and more sustainable way leads to the movement that more
and more establishments such as universities are working hard on reducing their
ecological footprints.
Addressing the environmental sense of owning a car, it is frequently discussed that
the ratio of owning a car is not commensurate with how often or intensely it is used.
Regarding this, studies show that the average U.S. driver spends only around 48 minutes
per day driving the car (American Automobile Association (AAA), 2017). This leads to
a high consumption of resources for a relatively low number of actual uses. The
implementation of traffic simulation in terms of the shared use of cars would help to
fight against environmental burdens resulting from cars.
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2.3.3.4 TECHNICAL DIMENSION
This section emphasizes the advantages of setting up traffic simulation to improve
transportation systems regarding a technical rationale. The focus lies in reviewing
essential issues in the United States of America in general, and specific outcomes that
are associated with Rhode Island.
In terms of this, the base of transportation systems is its infrastructure. This means
that the given infrastructure should work most efficiently and to full capacity. To
evaluate this status for a potential improvement, there are different approaches. One is
done by the American Society of Civil Engineers (ASCE). The ASCE is a community
with more than 150,000 members in the field of civil engineering in 177 countries. It is
the United States’ (US) oldest engineering society, and it is the world’s largest publisher
of civil engineering literature and provider for codes and standards to protect the public
(ASCE - American Society of Civil Engineers, 2020a). One part of their work is to
publish the ASCE Report Card for America’s Infrastructure every four years. It depicts
school-report-like the condition and performance of the US’s infrastructure. In addition
to an inventory report, the society suggests investments for improvement (ASCE American Society of Civil Engineers, 2020b). Regarding the condition of the US’s
infrastructure comprehensively, the ASCE grades it as a school mark of D+.
Taking a closer look to graded categories that can be easily influenced by traffic
flow simulation, the three categories of Rail, Roads and Transit were considered. The
Table 1 shows three categories in the first column. The second column indicates the
related grade of the US. The last column adds key facts about Rhode Island’s
infrastructure.
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Table 1: Infrastructure Report Card – Grades by Category

Infrastructure

Grade

Grade

Key facts about

Report Card

America1

Rhode

Rhode Island’s

Island2

Infrastructure3

B

B-

Ranked 49th nationally

D

D

D-

*

Category
Rail
Roads

Transit
1
2
3
*

52 % of Public Roads in bad
condition
More than 16.5 million annual
unlinked passenger trips

(ASCE - American Society of Civil Engineers, 2020b)
(ASCE - American Society of Civil Engineers, 2020c)
(ASCE - American Society of Civil Engineers, 2017)
Not separately considered in newest Report

Keeping the number of the above shown table in mind and looking to the modal
share of US commuters in 2017, only a very small percentage uses rails to commute. It
only accounts for a small single-digit number under 2 % (Bureau of Tranportation
Statistics (BTS), 2014). Additionally, a 2017 National Household Travel Survey
emphasizes that a minimum of 82.1 % of the person trips are road related (main
transportation modes: car = 42.3 %, SUV = 22.8 %, van = 7.5 %, pickup truck = 9.5 %;
additionally small other modes) (U.S. Department of Transporation: Federal Highway
Administration, 2017). The ridership of school buses with a percentage of 1.9 %, public
commuter buses with 1.4 %, subways or light rails with 0.9 % or Amtrak or commuter
rails with 0.2 % are relatively low.
These numbers underline the fact that from the above mentioned three categories
of rail, roads, and transit, the two by far worst graded categories (Roads and Transit) are
highly correlated to each other. The existing high number of road users in private cars
leads to bad road conditions and the likewise high number of unlinked passenger trips
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directs to the vicious circle that private car users do not want to change their mobility
behavior towards public transit due to the lack of connections.
Analyzing how a change of transportation mode from private cars to public
transport or rail might improve infrastructure networks, a traffic flow simulation is one
eligible method. With this method, weaknesses of the network can be investigated and
eliminated to improve the infrastructure of the US and Rhode Island particularly.
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2.4

UNIVERSITY-RELATED TRANSPORTATION PLANNING
Universities all over the world serve society by providing different levels of

education and research to future generations, which can be valued as an enormous
benefit for shaping the world of tomorrow. Additionally, campuses provide many spaces
for different offers such as learning, working, socializing and living, which causes
several different trip purposes (NewsRx Science, 2008).
But even by providing these high values, universities are facing negative
consequences of their existence, too. Universities are mostly facilities that are big traffic
generators, high energy consumers and can be regarded as small cities (Guerrieri et al.,
2019). Being more precise, the generated high traffic volumes on existing road
infrastructures are a burden on local society leading to notable waste of capital spent for
the waste of time of commuters, traffic accidents or extra fuel consumptions (Zhu et al.,
2014). Facing these issues, it is to underline that one of the most effective actions to
increase the sustainability of university campuses is to make a change in transportation.
An increase in sustainability results from appropriate transportation planning
approaches. However, even with the awareness of this potential change, it is challenging
to promote sustainability on university campuses.
Addressing this challenge, goals of university campuses should aim to close the
gaps of missing transportation supplies, providing unlimited access to transport services
and enforcing strict parking policies that limit parking facilities because expanding
parking supplies is only a short-term solution leading to the higher attractiveness for
university commuters to use their private cars which exacerbates problems such as
congestion (Aoun et al., 2013).
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A general first step of improving campus mobility is the implementation of a
Transportation Demand Management (TDM) plan (Dehghanmongabadi & Hoşkara,
2018). These plans mainly address the parking policies and campus transit services that
are mainly dominated by monetary aspects and are relatively easy to measure (Aoun et
al., 2013). Nationwide, there are several associations and communities that are working
in this field of commuting traffic trying to implement more sustainable and reliable
systems. For instance, the Association for Commuter Transportation (ACT) is an
international association that deals with topics of TDM and commuter transportation to
conserve energy, improve air quality and reduce traffic congestion.
Setting the frame back to a wider scope, good practices of universities in terms of
handling energy consumptions and traffic management can serve other communities
even at levels of cities as models (Guerrieri et al., 2019). Especially the educational
milieu that is reflected by university campuses is the ideal environment to communicate
sustainability and to support the change of the transportation patterns of the society
(Balsas, 2003).
2.4.1

THE UNIVERSITY OF RHODE ISLAND

Approaches that URI undertakes to operate in a responsible manner regarding the
actions of shaping their future campus mobility in a more sustainable way are explained
in the following section.
URI maintains a university-owned Transportation and Parking Office (TPO) to
handle traffic. Among other things, the office looks after the administration of parking
issues, operates a campus shuttle, maintains cooperation with the local transit authority
and is the contact for students, faculty, and staff in terms of mobility questions.
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Furthermore, the office is continuously working on improving the field of
transportation. For instance, a recently conducted survey of URI’s Kingston campus
community gathered data to analyze mobility behaviors. The results will partly help the
university to develop a TDM (Transportation and Parking - University of Rhode Island,
2020). The current URI President Dr. David Dooley even stated that “At URI
sustainability is woven into the very fabric of our values, our operations, and our
educational pursuits”, meaning that URI realized its commitment to environmental
issues and is willing to change aspects like transportation (Sustainability at the
University of Rhode Island, 2019). For further future actions URI commissioned the
TPMP.
Regarding the growth of URI, the campus facilities experienced a massive
improvement during the last decade. Since 2007, more than $900 Million have been
invested in several objects, such as capital investments, across all campuses. Besides
that, nearly 350 new faculty members were hired over the last eight years (The
University of Rhode Island, 2020a). These numbers underline the fact that a university
that wants to grow in sustainable ways must consider plenty of actions, such as
specifying sustainable targets in a compact collaboration, which URI has done in its
TPMP (VHB, 2018).
2.4.2

OTHER SCALES AND UNIVERSITIES

All over the world and especially on American campuses which are often
dominated by cars as main transportation modes, universities are working hard on
improving transportation systems and reducing their footprints.
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As mentioned above, the ACT regularly awards facilities that are good examples
of green commuting. One campus that was awarded by the ACT in 2009 is the
University of Washington (UW). Its extended University Pass (U-Pass) program served
as a base for almost 80 % of commuters who chose not to commute in a SOV. On a
given day, 3,000 commuters came in a carpool or vanpool, 5,000 by bicycle, 17,000 by
foot and 26,000 by transit. Taking the total number of 51,000 people into the context
that the university accommodates 66,000 students, faculty and staff, it is an impressive
balance that helps the institution to reduce its carbon dioxide (CO2) emissions by
roughly 7,840 metric tons of CO2 per year. The highly promoted U-Pass program
provided full fare coverage for several transit or train operators, discounted car- or
vanpooling, extensive bicycle storage facilities, partnerships with car sharing and shuttle
services (University of Washington, 2009). Even considering the great accomplishment
of UW, it is not always fair to compare certain actions of one institution to different
universities. Particularly, the location of a university must be considered in its
performance of sustainable traffic. The University of Washington is in the city of
Seattle. This geographical circumstance leads automatically to higher willingness of
people using transit systems, walking, or riding a bike.
As a sophisticated addition to general TDMs, an even better approach is the control
of the travel choice behavior of commuters in terms of variables which are non-pricedrelated, such as the egress time from a parking lot to a certain location or the parking
search time (Yan et al., 2019). Besides from the egress or parking search time, the
influence on commuters’ travel time pattern is another approach, too. This action against
congestion and towards the reduction of peak hour traffic can be achieved by offering
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the opportunity to take part in incentive programs to reward rush hour avoidance (BenElia & Ettema, 2011). One example of these programs on a country scale is applied in
the Netherlands where an incentive program in several parts of the country offers
commuters of toll roads financial benefits if they avoid peak hours (Donovan, 2010).
On a university scale, Stanford University in California implemented a similar program
that offers participants to earn points that can be redeemed to monetary and in-kind
transfers if commuters avoid peak hours or use a sustainable means of transportation
(Zhu et al., 2014).
In addition to the above-mentioned actions that implemented sustainable
transportation approaches, there are way more actions in research studies focusing on
sustainable commuter transportation. For instance, since 1996, the Journal
Transportation Research (TR) (Part D: Transport and Environment) publishes and
reviews articles concerning environmental impacts of transportation, policy responses
on these impacts and emphasizes implications for the management of transportation
systems, planning and design (Elsevier, 2020). The majority of the TR articles address
transportation issues in urban regions but are partly applicable to rural regions, too. One
indispensable approach which is location- and facility type-independent, as long it is a
larger traffic generator, is to have sustainable cooperation of local public transit
authorities. Together with these authorities, tailor-made transportation solutions can be
developed and maintained to close service gaps. This is particularly essential in areas
where it is difficult to serve potential transit users. Actions for closing gaps are, for
instance, the supply of services by using ridesharing offers (Murray et al., 2012). In
addition to ridesharing offers, alternative transportation modes against car-dominant
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models should be focused on. For instance, an operating bike sharing program in
Washington, D.C., results in an annual reduction of motor vehicle use of roughly
244,000 km (Fishman et al., 2014). To increase the number of participants using
bicycles for commuting, a study from Barcelona, Spain shows that besides the necessary
infrastructure in reachable distance, such as public bicycle stations, electrically-assisted
bicycles increase the willingness of riding a bike (Cole-Hunter et al., 2015). Commonly,
the strategies that are known from urban regions can be implemented on university
campuses due to many campuses’ urban structures as well. Frequently, the lack of
incentives leads to a low rate of willingness to change mobility behaviors resulting in
discontented traffic participants. Studies from China indicate that in addition to traffic
efficiency aspects, such as the travel time or the likelihood of congestion, commuter’s
happiness is an essential factor related to their commuting time (Yin et al., 2019). Taking
a look on the trends of travel in certain US metropolitan areas, in addition to the
necessary improvement of transit systems, the percentage of people walking or riding a
bike is statistically significantly increasing (Le et al., 2019). Even the willingness of
young Americans to live completely carless is more likely compared to older adults (Liu
et al., 2020).
Furthermore, other chapters of the TR, for instance Chapter A: Policy and Practice
are considering sustainable commuting as well. For example, in 2012, Zhou investigated
the commute and housing behavior of students in Los Angeles. Even in these urban
structures that are notorious for car dominance and dependence, alternative
transportation modes are likely to be chosen if there are special offers, such as
discounted transit passes. On top of that, commuter characteristics like gender, being an
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undergraduate or graduate student, and age are related to mobility behavior (Zhou,
2012).
With respect to transportation planning approaches of universities, they should
continuously assess their generated traffic volumes of today and the potential ones in
the future. For these assessments, the modeling and simulation of university-related
traffic is an appropriate way to recognize potential weaknesses in the related
transportation systems before serious problems occur. Additionally, the reduction of
pollution and the saving of operating costs are decent side effects that come along with
future-oriented development. And, even this assessment of university-related traffic
does not have to be costly. Many universities all over the world, such as URI,
accommodate research faculties with departments focusing on traffic and mobility. For
instance, the URI accommodates the Sustainability Innovative Solutions Laboratory,
which researches the impacts of electric vehicles.
In addition, the University of Cincinnati, Ohio is featured with a department that
supports the active research of students to investigate traffic efficiencies (UC News University of Cincinnati, 2019).
Several other universities are conducting similar research approaches and
implementing transportation managements to avoid high traffic volumes and risk the
collapse of traffic infrastructures. McGill University in Montreal, Canada, is working
on reducing their carbon footprint by having a cooperation with the City of Montreal
and the distribution of a travel survey (Mathez et al., 2013). Michigan Technological
University in Houghton, Michigan, used smart growth urban planning principles to
reduce parking issues and improve transit supplies (Leder et al., 2009). Cornell
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University in Ithaca, New York, implemented a TDM to reduce the number of vehicles
coming to their campus to fulfill the requirements of the Clean Air Act (Lieb, 2002).
Texas A&M University in College Station, Texas, investigated its campus bus system
to improve several transit routes on campus (Mahmoudzadeh et al., 2019).
2.4.3

TRANSFERABILITY OF ACTIONS FROM DIFFERENT UNIVERSITIES
TO URI

After stating several transportation planning approaches from different scales,
universities and URI, the following provides insights about the transferability of
findings from different universities to URI.
In 2018, the University of Buffalo (UB), New York, characterized university
parking systems to get insights about parking demands, management strategies,
potential innovative solutions and relationships between parking managements and the
environment or community health (Cheu et al., 2018). The researchers compared four
American universities to investigate parking demands, analyzed more than
300 universities to increase the knowledge about innovations and set up a microscopic
traffic simulation with VISSIM® (acronym for German words “Verkehr in Städten –
Simulationsmodell”, translated as “Traffic in Cities – Simulation model”) to compare
findings with environmental issues (Cheu et al., 2018). Another case study on the
northern campus of UB showed with the help of an agent-based model that its parking
spot search leads to an estimated waste of 120 gallons of gasoline every hour (Guo et
al., 2013). This waste can be avoided by effective parking managements because this
results in the reduction of parking demands by 20 % to 40 % (Litman, 2018). Comparing
the northern campus of UB with the main Kingston campus of URI, both exhibit similar
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structures. The northern UB campus accommodates around 6,000 residential students
on-campus (Wikipedia, 2020b) and covers around 1,200 acres of land (The University
of Buffalo, 2020). URI’s Kingston campus accommodates a similar amount of
residential students and covers roughly the same area of land (The University of Rhode
Island, 2020a). By this roughly structural comparison of the two campuses, a certain
transferability from UB to URI can be made that shows the generated environmental
burden when traffic is not well managed.
Recent surveys pointed out that students do not prefer taking sustainable
transportation modes such as bicycles, walking and transit due to the fact that often the
supporting infrastructure is deficient (Kaplan, 2015). In addition to the improvements
of supporting infrastructure, political decisions of universities are necessary to motivate
students to change their mobility behavior. Actions are, for instance, to give incentives
for using carpools or riding bicycles (Patrick et al., 2020). A survey that was done by
URI (2020) asking their community members about mobility opinions showed similar
results. The change of an alternative transportation mode comes along with the need of
assistance and the improvement of public transportation, for instance (Transportation
and Parking - University of Rhode Island, 2020). This results in the active actions of
university policies with local transit authorities to improve systems.
Actions of different universities are often comparable to other ones, such as the
comparison between the UB and URI, but a key characteristic which always should be
kept in mind is the location of the university under analysis. Rural universities mostly
exhibit different commuter behaviors than educational establishments in an urban or
suburban context.
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3

CHAPTER 3 – METHODOLOGY OF THE CASE STUDY

As discussed in the previous chapter (Section 2.4), larger educational institutions
often suffer because of high traffic volumes related to their establishment’s members.
Due to this, the centerpiece of this scientific thesis lies in the case study to model, to
simulate, and to evaluate the occurring traffic of URI’s Kingston campus. It particularly
focuses on investigations regarding the individual commuter automobile. The case study
distinguishes between a base case, which reflects the status of the today’s traffic
situation, and predicted scenarios, which potentially reflect cases in the future.
As the tool to analyze the traffic, the software VISSIM® from the company PTV
Planung Transport Verkehr AG is chosen (Wikipedia, 2020a). PTV is specialized in
traffic and transportation consulting and software development. Its aim is to shape
transportation and mobility in a smart, sustainable and safe way (PTV AG, 2020c). The
computer program VISSIM® is one of the leading microscopic simulation software
programs that works as a behavior-based and time-step-oriented tool for urban and rural
traffic flow analysis (PTV AG, 2020b). The rationale of choosing the simulation
software is based in its sophistication and ability to model complex networks which can
be simulated and evaluated afterwards in detailed scenarios.
Figure 5, “Traffic Flow Modeling Cycle,” in Chapter 2 (Section 2.2.2) shows the
simplified model of how the next steps of setting up an appropriate model and simulation
is done.
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3.1

SCOPE OF NETWORK AND MODELING WITH VISSIM
The scope of the network model compromises an area which is around 30 square

miles large. An overview can be seen in Figure 8, “VISSIM Network”.

Figure 8: VISSIM Network (Grey = Modeled Road Network) (PTV AG, 2020a)

The modeled network is shown in blue lines. Main borders for the network are the
eastern situated U.S. Route 1 highway and the western R.I. Route 2 state highway. The
northern and southern borders are localized by smaller roadways. Furthermore, the
network model itself differs in its accuracy. The main area of the campus is modeled in
a higher level of detail and the surroundings serve as a less detailed part of the
infrastructure. As the accurate to dimension base for the network, aerial photos from
Bing Maps® are used. On top of that numerous field visits affirm the validation of the
network. The modeled network is used by different modal shares.
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3.1.1

INDIVIDUAL TRANSPORTATION

The following Sections, 3.1.1.1 to 3.1.1.5, explain the modeling process of
elements which are related to the modal share of individual transportation.
3.1.1.1 ROADWAYS
The existing roadways serve for the most part as the base for individual
transportation. Close to URI, different kinds of roadways can be found. As classified in
Figure 3 (Section 2.1, “The Hierarchy of Roadway Classifications”) the U.S. Route 1
highway and the R.I. Route 2 state highway serve as freeways. Additionally, the
Route 138 in east-west direction and vice versa serves as an arterial road to connect the
campus with the freeways. Smaller roadways adjacent to and on the campus
complement the road network as local streets and collectors.
The case study covers most of the roads but does not picture every local street or
collector road.
3.1.1.2 INTERSECTIONS
Intersections serve as connectors between different roadways and offer traffic
participants of different modal shares several route choices. The right-of-way and the
geometric shape at intersections is highly dependent on the traffic volume of its various
related flows.
Generally, it can be distinguished between unsignalized and signalized
intersections and additionally between three levels of control: (1) unsignalized
intersections that operate under the basic rules of the road with potential warning and
guide signs; (2) unsignalized intersections which operate under YIELD and STOP
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control; and (3) signalized intersections with traffic control signals. These signals are
necessary when unsignalized designs no longer meet the handling of certain traffic
volumes, requirements of the efficiency of operation, driver convenience and overall
safety of the operation (Roess et al., 2019).
In the case study, most of the considered intersections are designed as all-way-stop
nodes and only a few intersections with yield control can be found. The three largest
intersections are located adjacent to the campus on Route 138. Each intersection layout
of the three major intersections can be found in the following figures, Figure 9 to Figure
11.

Figure 9: Intersection Layout – Kingstown Road (138) / Kingstown Road (108) / Mooresfield
Road (138)
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Figure 10: Intersection Layout – Kingstown Road (138) / Kingstown Road (138) / Upper College
Road

Figure 11: Intersection Layout – Kingstown Road (138) / Kingstown Road (138) / Ministerial
Road (110) / Plains Road (110)

An exemplary cut-out of the intersection Kingstown Road (138) and Upper College
Road from the modeled VISSIM network as a three-dimensional view can be seen in
Figure 12.
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Figure 12: Modeled Intersection in VISSIM (PTV AG, 2020a)
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3.1.1.3 TRAFFIC SIGNAL SYSTEMS
Signalized intersections are the ultimate form to control the traffic at nodes. When
intersections are signalized, the installed traffic signal system serves as the backbone of
the intersection.
In the case study, only three intersections are signalized. All of them are on
Route 138 and experience the most traffic in the system. They are shown in Figure 13
marked as traffic signal icons. Each of these intersections is equipped with detectors to
adjust the signal timing to the occurring traffic volumes. Even though all of the signals
are detected and are on the same route, every traffic signal system works individually
and is not coordinated with the other ones to maintain platoons of moving vehicles to
serve green waves on Route 138 (Roess et al., 2019).

Figure 13: Signalized Intersections (modified; Traffic Signal Icon = Location of Signalized
Intersection) (PTV AG, 2020a)
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The related signal timings of these intersections can be found in signal timing sheets
in Appendix G.
3.1.1.4 PARKING LOTS
From a transportation planning and traffic perspective, the main parking lots of URI
serve as origins and destinations for most of the URI-related traffic as they do for the
traffic model. The University offers more than 30 parking lots for several purposes and
different user groups. Figure 14 shows the Kingston Campus Map (a larger cut-out can
be seen in Appendix H) and Appendix B6 gives a tabular overview of these facilities.
Classified by their user group, the lots mainly serve as parking facilities to faculty, staff,
residents, visitors, student commuters or to participants of special programs.
Furthermore, accessible parking close to building entrances is provided as well.

Figure 14: URI Kingston Campus Map (Red = Commuter Student Parking, Blue = Resident
Parking, Gold = Faculty and Staff Parking, Pink = Visitor Parking; a larger Cut-Out can be
found in Appendix H) (The University of Rhode Island, 2020b)
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As shown in the figure above, parking facilities for different user groups are spread
all over the campus. The largest parking lots for student commuters are the Plains Lot
(grid A1) in the west, the Fine Arts Lot (north part, grid A6) and the Church Lot (grid
C7) in the east and the Keaney Lot (grid D2) in the south. The largest number of parking
spaces for faculty and staff can be found in the Ram Lot (grid D2) in the west and the
Fine Arts Lot (south part, grid B6) in the east. Close to their accommodations, campus
residents can park in the Flagg Road Lot in the north (grid A2) and the Keaney Lot (grid
D2).
Regarding the consideration of the parking lots in the case study, only parking lots
were considered that serve as commuter student lots or have a minimum size of
100 parking spaces. Exceptions are the Tucker House Lot and the East Hall/Washburn
Hall Lot. The two lots have in sum more than 100 parking spaces and are considered
because of their importance to serve faculty and staff parking facilities close to the core
of the campus. Parking spaces that serve as options for traffic participants with
disabilities are not considered separately and personal priorities of lot choices neither.
In total, URI offers more than 8,000 parking spaces. In the case study, around
5,200 parking spaces (around 65 % of the total spaces) are considered: 3,275 parking
spaces for student commuters and 1,949 parking spaces for the faculty and staff (see
Appendix B5). The locations of the considered lots can be seen in Figure 15 and in
Appendix A5.
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Figure 15: Locations of Modeled Parking Lots (Dark Grey Line = Modeled Road Network, Red
Line = Modeled Restricted Road Network, P = Location of Parking Lots) (PTV AG, 2020a)

These parking lots serve in the morning peak hour of the simulation as destinations
for URI-related traffic and in the afternoon peak hour as the origin.
Regarding the saturation of the parking lots, Table 2 depicts the capacity of the
parking lots and its saturation after 4,500 seconds of simulation (total time of simulation)
as an example for the morning peak-hour base case. It can be seen that smaller lots close
to the campus core are filled by around 100 % and larger lots (Plains Road Lot, Fine
Arts Lot North, and Keaney Lot) are filled to around 40 %. This saturation is one base
for the validation of the research model.
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Table 2: Parking Lot Saturation (AM Peak Hour)

Lot
Name

Lot #

Lot
Capacity

Vehicles
in Lot

Lot
Saturation

1

Plains Road Lot & Flagg Road West

2,011

759

38 %

2

Ram Lot & Sherman Administrative
Services

261

241

86 %

3

Flagg Road / Surge Lot

110

138

125 %

4

Beaupre Center & Carothers Library
& Roosevelt / Hutchinson Lot

235

202

86 %

5

Greenhouse Lot

110

94

85 %

6

Fine Arts Lot North & Flagg Road
East

826

301

36 %

7

Fine Arts Lot South

412

373

91 %

8

Church Lot

176

163

93 %

9

Briar Lane Lot

116

97

84 %

10

Keaney Lot

226

76

34 %

11

Boss Lot

156

127

81 %

12

Independence Square Lot

150

123

82 %

13

Tucker House & East Hall /
Washburn Hall

118

98

83 %

The considered parking lots are a base for the traffic assignment and routing, too.
Further explanation can be seen in Section 3.1.1.5.
3.1.1.5 TRAFFIC ASSIGNMENT OR ROUTING
As clarified in the earlier chapters, individual transportation uses a certain
infrastructure existing out of roadways and intersections that can be controlled in
different ways. Regarding the case study, another important step is to assign or route the
occurring traffic volume in a reasonable way. In this regard, the appendix gives an
overview of origin-destination-matrices separated in the morning (Appendix B3) and
afternoon peak hour (Appendix B4), which rely on static route assignment assumptions.
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The different route choices are depicted in an order from the origin to its destination
with several intermediate stops at different intersections in between. The choice of
different routes is related to the directness as the shortest way from the origin to the
destination, the priority of several routes (for instance the travel on Upper College Road)
and the evaluation of data from Google Maps® (see Appendix A6 to A7), which is based
on Floating Car Data (FCD) from Android® smartphone devices. For the morning peak
hour, the destinations are parking lots and for the afternoon, they are the origin.
Furthermore, it is assumed that traffic participants that are arriving from one direction
in the morning are taking the similar route back to their residence without doing detours,
e.g. for errands.
3.1.2

PUBLIC TRANSIT

Public transit serves as a sustainable alternative in terms of mobility as opposed to
individual automobiles. More and more Transit-Orientated Developments are in the
process to get implemented in many places. URI reflects one of those.
The modal share of public transit is also considered in the case study. Two different
kinds of public transit can be found in the region that is analyzed, including the Rhode
Island Public Transit Authority (RIPTA) routes shown in Figure 16 and the universityoperated shuttle depicted in Figure 17.
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Figure 16: Public Transit - RIPTA Routes (Blue line = Operating RIPTA Routes) (Rhode Island
Public Transit Authority, 2020)

In terms of public transportation, there are three RIPTA operating routes that have
one of their main stops at the Memorial Union on the Kingston campus:
•

Route 62:
o Inbound: URI to Providence
o Outbound: Providence to URI

•

Route 64:
o Inbound: URI to Newport
o Outbound: Newport to URI

•

Route 66:
o Inbound: Galilee to Providence
o Outbound: Providence to Galilee

The Memorial Union stop is simulated with a short dwelling time for the buses but
does not simulate access or exit processes for pedestrians.
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Figure 17 shows the University-operated Rhody Shuttle, which serves as an
additional mobility provider with several stops all over the campus.

Figure 17: Public Transit - Rhody Shuttle Routes (Operating Routes: Blue = Ram Line, Dark
Blue = Rhody Blue Line, Red = Rhody Hill Climber, Yellow = Rhodyville Line) (The University of
Rhode Island, 2020d)

URI strengthens its sustainable campus mobility in providing the following four
Rhody shuttle routes:
•

Rhody Ram Line (blue)

•

Rhody Blue Line (dark blue)

•

Rhody Hill Climber (red)

•

Rhodyville Line (yellow)

The routes are implemented in the simulation model as circulating vehicles, but
they do not stop at designated stops and neither simulate access nor exit processes for
pedestrians.
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3.1.3

PEDESTRIANS AND BICYCLES

With more than 20,000 URI members, the Kingston campus exhibits a complex
pedestrian network in its location. Even though the number of URI members is quite
large, the occurring pedestrians are able to walk on the 1,200-acre large campus without
big spatial restrictions, leading to the conclusion that the case study does not consider
the pedestrian traffic in detail (The University of Rhode Island, 2020c).
In terms of the bicycle network, the Kingston campus does not provide a
sophisticated infrastructure on campus. This is mainly justified by the fact that the
campus has a very rural location and is not appropriate or attractive for a daily commute
by bicycle aside from students, faculty or staff who are living very close to the campus.
Analog to the pedestrian network, the bicycle network does not get much of attention in
terms of evaluations in the case study.
3.2

DATA COLLECTION, ANALYSIS, AND INPUT
As highlighted in Section 3.1 above, it is important to build a thought-out

simulation model for potential application steps afterwards. One of the following steps
is to input correct data in the model for simulation and evaluation purposes. This input
data must be collected and analyzed in an appropriate way. Even better is the collection
and analysis of data from different sources to validate certain traffic numbers. Common
approaches use a wide range of sources such as surveys regarding trip choices or parking
occupancies, traffic counts, intersection turn movements and demographic data from
local conditions. (Guo et al., 2013)
Sections 3.2.1 and 3.2.2 provide more detail about the data analysis to feed the
model of the case study with suitable data.
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3.2.1

INDIVIDUAL TRANSPORTATION

Different approaches and methods can be used for collecting or generating traffic
data for traffic investigations. Generally, data collection methods range from in-situ
techniques, such as pneumatic road tubes, piezoelectric sensors, magnetic loops, manual
counts, passive and active infrared, passive magnetic, microwave radar, ultrasonic and
passive acoustic and video detection, to more advanced methods, such as FCD (Leduc,
2008). In addition, data analytics can serve as a base for traffic investigations as well.
Regarding the data collection for the case study investigating the traffic of the
Kingston campus at URI, several approaches are feasible. The Rhode Island Department
of Transportation (RIDOT) maintains stationary and temporary sensors on several
locations on-site in Rhode Island. The effort of self-collecting data with devices or
manually by people generates data right close to URI. The use of FCD is an option that
serves as a data base as well. Aggregating data, for instance, from demographic raw data
from URI is an option, too. An overview and weighting of potential data generating with
the comparison of positive and negative aspects is done in the Table 3.
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Table 3: Overview and Weighting of Data Collection Possibilities

Type of data collection
Stationary and temporary
data from the RIDOT

Self-collection with
devices

Self-collection manual by
people

+ Positive

- Negative

• High accuracy

• No traffic counts at
every location close to
URI

• Professional expertise
from the RIDOT
• Up to date
• Ideal application for the
case studies needs
• Up to date
• Ideal application for the
case studies needs

• obsolete data
• High initial costs due
to no available devices
• Time consuming
• Collection mistakes
due to inexperienced
collectors (such as
students)
• High labor costs

FCD

• No on-site commitment
• High accuracy,
especially in route
choices

• High costs for raw
data
• High effort for data
preparation
• Covers only a part of
traffic participants

Aggregating from raw
data provided by URI
(places of residence etc.)

• High accuracy through
up to date raw data

• Difficult to estimate
the accurate
distribution of traffic
participants

As a result of the weighting, it is outlined that the most suitable option for
appropriate data is the combination of data coming from RIDOT with the aggregation
of data that can be provided by URI. Appendix B1 gives a tabular and Appendix A2 a
graphical overview of the provided data of traffic counts that were conducted by the
RIDOT and are close to the Kingston campus. Regarding the data from URI, its own
TPO is the best fit from which to receive appropriate data. The office works on
maintaining and improving the mobility of all four URI campuses and suggests different
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varieties of sustainable traveling to and from the facilities (The Transportation and
Parking Office, 2020). Data provided by the TPO can be found in Appendices B5, B6
and B7. An intended validation of the input data with random traffic counts at different
locations around the campus is not feasible due to the contorted traffic volumes because
of the Coronavirus Disease 2019 (COVID-19). However, despite COVID-19, the model
is adjusted to the conditions of typical traffic during an academic semester.
Regarding a representative day during a week to investigate traffic volumes, Figure
18 shows the generic typical daily variation in traffic volumes separated by weekdays
(Roess et al., 2019). Usually traffic engineers analyze the weekdays of Tuesdays,
Wednesdays, and Thursdays as average traffic days. Regarding Figure 18 in its
classification of roadways, the considered Route 138 which is the principal arterial
adjacent to the Kingston campus (compare Figure 24) can be classified in between of a
Main Rural Route or a Suburban Freeway. The Average Day in between is most
adequate on a Wednesday.

Figure 18: Typical Daily Variations in Volume (Roess et al., 2019)
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The following two Sections 3.2.1.1 and 3.2.1.2 distinguish between the two worst
cases of occurring individual transportation commuter traffic during the weekdays in
the morning and afternoon peak hour.
3.2.1.1 MORNING PEAK HOUR
The morning peak hour is considered for the time between 8:00 and 9:00 AM. The
justification is done by the analysis of more than 900 courses listed in URI’s course
registration platform e-Campus. The following parameters are considered for the search:
Wednesday, Fall Semester 2019, in-person courses and the location of the Kingston
campus. The results can be seen in Appendix B8. Even the analysis does not show one
particular hour of the day in which the classes start or end; it is assumed that students
and especially faculty and staff arrive not only shortly before the start of the classes but
also immediately leave the campus after classes are finished. The rationale for the
morning peak hour is based on the fact that commuters often come early to campus to
get a parking space close to the campus core, have additional work before classes, work
in an office or library and are busy with projects besides from the classroom. The
percentages of the students or faculty and staff regarding the total occurring traffic can
be found in Appendix B2.
For the actual input data for the morning peak hour, it is necessary to analyze raw
data to get appropriate inputs for the simulation and evaluation conducted subsequently.
The base traffic volume is derived from the RIDOT input data that displays Average
Annual Daily Traffic (AADT) data. This data reflects the average 24-hour volume that
occurs on a day over a whole 365-day year. Usually, the AADT is calculated by the
number of passing vehicles on-site divided by the number of 365 days (366 days for a
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leap year) (Roess et al., 2019). The raw data provided by RIDOT can be found in
Appendix B1. Processing the AADT data to apply it for traffic investigations at URI, it
must be converted to a Directional Design Hour Volume (DDHV), shown in equation 1.
DDHV = AADT x K x D

[1]

where:
AADT = Average Annual Daily Traffic
K-Factor = Proportion of daily traffic occurring during the
peak hour (decimal)
D-Factor = Proportion of peak hour traffic traveling in the
peak direction of flow (decimal)

As shown in the equation above, the two factors of K and D significantly affect the
number of the DDHV. The ranges for choosing numbers of these two parameters are
shown in the Table 4.
Table 4: General Ranges for K- and D-Factors (Roess et al., 2019)

Normal Range of Values
Facility Type
Rural
Suburban
Urban:
Radial Route
Circumferential Route

K-Factor

D-Factor

0.15 – 0.25
0.12 – 0.15

0.65 – 0.80
0.55 – 0.65

0.07 – 0.12
0.07 – 0.12

0.55 – 0.60
0.50 – 0.55

In terms of the classification of URI’s Kingston campus into one facility type, the
one of suburban is chosen. In fact, the University’s character, size, and surrounding
characteristics show parameters from rural and suburban regions but after choosing the
rural or suburban facility type, the number of occurring DDHV is more reasonable with
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a classification as suburban. The plausibility of the DDHV value is compared to the ratio
of classes, the number of parking permits and parking spaces and the capability of the
infrastructure.
As one next approach, the percentage of URI-related traffic compared to the total
traffic must be assumed for the traffic distribution. It is assumed that around 80 % of the
occurring DDHV is related to URI. This number is reasonable after the consolidation of
the TPO which knows trends about the filling of the parking lots during the morning
hours. Additionally, URI-related traffic is distinguished between commuter students and
faculty or staff since they commute to different parking lots. In terms of that, it is
assumed that 80 % of the faculty and staff arrive at the Kingston campus during the peak
hour since this user group follows a very similar daily routine. The rest of the occurring
URI-related traffic is allocated to the commuter students, which make up close to 40 %
of the total available spaces for commuter students. More detailed numbers and
calculations can be found in Appendix B2.
The following appendices grant closer insights about the rationale and calculation
of the occurring traffic volumes: Appendix A1 shows the location of the access roads to
URI Kingston campus; Appendices A2 and A3 depict the location of traffic counts as
AADT and DDHV; and Appendix A4 shows the final vehicle inputs for the simulation
during the morning peak hour.
3.2.1.2 AFTERNOON PEAK HOUR
The afternoon peak hour is considered for the time between 4:00 and 5:00 PM, and
Figure 19 depicts that peak hour traffic on local routes occurs during that time on a
weekday of Wednesday.
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Figure 19: Typical Hourly Variation Patterns on Rural Roadways (Roess et al., 2019)

The rationale for the afternoon peak hour calculation is similar to the morning peak
hour in reverse and additionally relies on the fact that commuters have multiple classes
a day.
On one hand, however, the data analysis for the afternoon peak hour follows a
different approach compared to the morning peak hour. As explained in Section 3.1.1.4,
the main origins for URI-related traffic are the parking lots. Due to this, the base for the
afternoon peak hour traffic is based on the cars leaving from the 13 considered parking
lots. On the other hand, the percentage of the cars leaving campus in comparison to the
total capacity of the parking lots is related to the morning peak hour. It is assumed that
a similar number of URI-related vehicles are occurring during the afternoon peak hour
as in the morning peak hour. To find a reasonable percentage of cars leaving from the
parking lots, it is assumed that 40 % of the parking lots with a capacity of more than
400 parking spaces per lot and 80 % of the parking lots with a capacity less than
400 parking spaces per lot are left during the peak hour.
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The percentages of the students or faculty and staff regarding the total occurring
traffic can be found in Appendix B4.
3.2.2

PUBLIC TRANSIT

The traffic volume for the occurring public transit relies on the schedule published
by RIPTA for the bus routes that are operating on and off campus. The times are based
on a Wednesday. The additional Rhody Shuttle that operates on campus is based on its
interval and operating hours. An overview of the RIPTA routes can be seen in Table 5
and for the Rhody Shuttle in Table 6.
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Table 5: Occurring RIPTA Routes at URI Kingston Campus During Peak Hours

Time at URI Kingston Station
Morning Time
Afternoon Time
(7:45 – 9:00 AM)
(3:45 – 5:00 PM)

RIPTA Route

62 – Inbound (URI to Providence)
62 – Outbound (Providence to URI)
64 – Inbound (URI to Newport)

7:59 AM

3:59 PM

8:59 AM

4:54 PM

8:40 AM

4:48 PM

/

3:47 PM*
3:47 PM*

64 – Outbound (Newport to URI)

8:53 AM

66 – Inbound (Galilee to Providence)

8:13 AM

4:10 PM

66 – Outbound (Providence to Galilee)

8:19 AM

4:28 PM

4:56 PM

* = not considered because the bus does not have enough time to drive from the network
edge to the bus station

Table 6: Occurring Rhody Shuttle Routes at URI Kingston Campus on a Weekday

Times
Operating hours

Rhody Shuttle Route
Rhody Ram Line

Every 20 Min.
Monday through
Friday

Every 8 – 10 Min.

7:30 AM – 8:00 PM

Every 10 Min.

Rhody Blue Line
Rhody Hill Climber

Interval

Rhodyville Line

Every 20 Min.

55

3.3

SIMULATION WITH VISSIM
After the steps of modeling a network with a certain scope and the analysis of

appropriate input data, the next step is to simulate with these conditions.
3.3.1

MATHEMATICAL FUNDAMENTALS OF VISSIM

The VISSIM® traffic simulation program that is used in this research effort, works
as a behavior-based and time step simulation tool operating under several constraints
such as vehicle composition, lane distribution and signal controls. It is based on the
interdependency between traffic signal control and a traffic flow model leading to the
analysis and evaluation of a traffic simulation.
The traffic signal control, often used with external programs, works to model
traffic-dependent control logic units. These units are mostly connected to detector
readings and query time steps from one to 1/10 second. The traffic flow of the simulation
network is generated in driver-vehicle-units. The units exhibit an interdependency
between the specific behavior characteristics and the assigned vehicle. The actual
movement is then related to the following three categories.
The first category is the technical capabilities of the vehicle, such as maximum
speed, speed distribution, acceleration, power, and vehicle length. For instance, the
mathematical background of acceleration processes in VISSIM® is considered as
following. The acceleration of a vehicle during a free traffic flow is calculated by
different settings. If the required safety distance between a preceding and a following
vehicle is achieved by 100 % the following car drives at the same speed as the preceding
vehicle. If the desired safety distance lies between 100 and 110 %, the speed gets
interpolated between the speed of the preceding vehicle and the desired speed of the
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following car. At a value greater than or equal to 110 %, the following vehicle
accelerates to its desired speed.
The second category is driving behavior, such as the acceleration related to the
drivers desired speed and the current one.
Next, interdependence between driver-vehicle units is the third category, such as
the reference to an upcoming traffic signal.
Furthermore, the traffic flow model respectively the car following model is based
on the extensive research from the scientist Wiedemann (1974), which provides a
psycho-physical perception model. Psycho-physical means that the model depicts
psychological manners as well as physiological restrictions of drivers. It considers
different driver behaviors based on functions related to speed and distance behavior.
The concept relies on the basis that a faster moving vehicle decelerates when reaching
a slower moving vehicle ahead until the speed falls below the followed vehicles speed
due to the fact that the individual driver cannot exactly determine the speed of the
followed vehicle. After the better gaining perception of the occurring speed condition,
the following driver slightly accelerates again. This process leads to slight and steady
acceleration and deceleration processes. An illustration of the model can be seen in
Figure 20.
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Figure 20: Car-Following Model According to Wiedemann (Wiedemann, 1974)

The figure shows the car-following model as a graph with the change in speed on
the horizontal axis and the distance on the vertical axis. The four different driving states
(1 to 4) of the model are a base for the stochastic microscopic model in VISSIM® using
them for driver-vehicle units. State 1 depicts a free driving or “unregulated behavior”
which means that there is no influence coming from the preceding car. The driver of the
vehicle seeks to get to the desired speed. State 2 shows the status of following, which
means that the driver follows the preceding car without any big changes in accelerating
or decelerating. The safety distance is kept in a constant manner. State 3 shows an
approaching state, which means that the driver adapts their speed to the lower speed of
the preceding car. State 4 depicts the action of braking, which means that the driver
decelerates because of a too low safety distance to the preceding car. Finally, State 5
shows the condition of a collision. The change between the states is based on certain
thresholds described as a function of distance and speed differences (PTV AG, 2020b).
Regarding further mathematical fundamentals, VISSIM® allows the user to vary
many different settings to find perfect applications and most reasonable results. For
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instance, the reliability of the simulation results from the stochastic nature of the
simulation can be increased with the change of different numbers of random seeds. With
the help of a random-number-generator, different random seeds allow the user to
compare the results in terms of the effect of stochastic variations.
3.3.2

CALIBRATION AND VALIDATION

An essential step to set up an appropriate simulation model lies in an accurate
calibration and validation process. A model of this process can be seen in Figure 21.

Figure 21: Validation and Calibration Process

The figure “Validation and Calibration Process” illustrates the process from the
first simulation model setup to a model which is validated and transferable to reality.
When setting up a simulation model, an initial simulation with default parameters and
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conditions is the first step in testing if the model is applicable to the operating conditions
of reality. Mostly, the validation of the model does not pass and further calibrations in
several parameters are necessary until the model is validated.
The validation and calibration process usually compares simulation results with
measured field conditions to prove its applicability and to adjust the model parameters
(Gomes et al., 2004). A well-established statistical method to compare data sets of traffic
volumes in the field of traffic engineering is the GEH statistic, which gets its name from
its inventor Geoffrey E. Havers (Wikipedia, 2016). It is a statistical approach that meets
with traffic experts’ approval from all over the globe.
Regarding the case study and its rudimentary base of data which was used as input
values, a profound calibration and validation process is not applicable. In this case, the
established simulation model is built on rudimentary AADT values and a sensitivity
analysis helps to support the validation of the model. The queue lengths that occur
during peak hours and the comparison between the numbers of vehicles parking on the
campus with the ones occurring on the road network at traffic count locations come to
reasonable results. Additionally, approaches to validate simulation results with field
observations are unfortunately not applicable due to the contorted traffic volumes
because of the campus’ closure because of COVID-19.
Further approaches to compare the simulation results with more detailed traffic
counts when available are for instance the comparison of time requirements for certain
distances, certain vehicle parameters like acceleration and deceleration, the minimum
time gap between vehicles or the vehicle headways.
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3.3.3

MEASURES OF EFFECTIVENESS (MOE)

In the process of setting up traffic models with a following simulation that should
be evaluated afterwards, it is important to define MOE. The traffic performance can be
assessed by these MOE and it serves as a quantification and a comparison between
different scenarios. Basic MOEs are:
•

Travel Time,

•

Speed,

•

Delay,

•

Queue,

•

Stops,

•

Density and

•

Travel-Time Variance

In addition to the above shown measurements, mostly the Level of Service from wellestablished manuals and the volumes and capacities are considered as well (U.S.
Department of Transporation: Federal Highway Administration, 2020).
In the case study, the analysis focuses on the MOEs that are given and explained in
the following tables, Table 7 and Table 8.
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Table 7: Description of the Measures of Effectiveness in the Case Study

Measures of
Effectiveness
Number of
Vehicles
Vehicle Delay –
Average

Queue Length –
Average
Queue Length –
Maximum

Stops – Number
Stops – Delay
Emissions – CO

Explanation [unit] (PTV AG, 2020b)
No further explanations [-]
Average delay of all vehicles [s]
The delay of a vehicle in leaving a travel time measurement is
obtained by subtracting the theoretical (ideal) travel time from
the actual travel time. The theoretical travel time is the travel
time which could be achieved if there were no other vehicles
and/or no signal controls or other reasons for stops. Delay time
does not account for deceleration in reduced speed areas. To
calculate the delay caused by a desired speed decision, VISSIM
calculates a theoretical speed and compares it with the current
speed. The actual travel time does not include any passenger
service times of PT vehicles at stops and no parking time in real
parking lots. The delay due to braking before a PT stop and/or
the subsequent acceleration after a PT stop are part of the delay.
Average queue length [ft]
In each time step, the current queue length is measured, and the
arithmetic mean is calculated per time interval.
Queue length (maximum) [ft]
In each time step, the current queue length is measured upstream
by the queue counter and the maximum is thus calculated per
time interval.
Average number of vehicle stops per vehicle without stops at PT
stops and in parking lots. [-]
Average stopped delay per vehicle in seconds without stops at
PT stops and in parking lots. [s]
Quantity of carbon monoxide [grams]
The exhaust emissions are based on a simplified method via node
evaluations using standard formulas for consumption values of
vehicles. The data comes from the Oak Ridge National
Laboratory of the U.S. Department of energy. It refers to a typical
North American vehicle fleet. A consideration of individual cars
is not done.
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Table 8: Description of the Measures of Effectiveness in the Case Study – Continuation

Measures of
Effectiveness
Emissions - Fuel
Consumptions

Level of Service
(LOS)

Green time maxout

Explanation [unit] (PTV AG, 2020b)
Fuel consumption [US liquid gram]
The emission module of VISSIM uses the vehicle information
from the operation which are generated by the traffic flow model
to calculate emissions such as fuel consumptions (Den Braven et
al., 2012).
Level of service (transport quality): The levels of transport
quality A to F for movements and edges, a density value (vehicle
units/mile/lane). It is based on the result attribute Vehicle delay
(average). The current value range of vehicle delay depends on
the Level of service scheme type of the node Signalized or Nonsignalized. The LOS in VISSIM is comparable to the LOS
defined in the American Highway Capacity Manual of 2010. [-]
The Classification is shown in the following:
Signalized
Non-signalized
intersection
intersection
LOS A
Delay < 10 s or no volume, as no vehicle is
moving, also due to traffic jam
LOS B
> 10 s to 20 s
> 10 s to 15 s
LOS C
> 20 s to 35 s
> 15 s to 25 s
LOS D
> 35 s to 55 s
> 25 s to 35 s
LOS E
> 55 s to 80 s
> 35 s to 50 s
LOS F
> 80 s
> 50 s
Signal group green times of signal controllers at signalized
intersections [s]

An additional MOE analyzed in the case study is the distribution of the traffic signal
green times at the three intersections on Route 138 during the occurring simulation peak
hour. The focus lies on how often or quickly the green times max out. The principle of
a maxing out traffic signal is shown in Figure 22. It depicts that if a traffic signal system
is operated with the help of detectors that actuate green period extensions, then the total
green time builds until the maximum green time is reached. In this case, the traffic signal
ends its green time even if there is still a demand identified by the detectors. The reason
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for this is based on the consideration that other traffic signal phases should not be
disadvantaged when several traffic flows show too high demands.

Figure 22: Operation of an Actuated Phase (Roess et al., 2019)

3.3.4

SIMULATION PARAMETERS

The simulation is set to a length of 4,500 seconds in total and evaluates the seconds
from 900 to 4,500. It represents the evaluated peak hour duration of 60 minutes. The
peak hour is divided into four time-intervals of 15 minutes each. The first 900 seconds
are considered as the time the network needs to get populated before the evaluation
processes can be started. This is validated by the implementation of traffic counts at the
entrances of the considered parking lots. After 4,500 seconds, the parking lots mostly
reach the number of vehicles that were earlier designated by the input calculation
process.
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Regarding the stochastic background of the model, five simulation runs with
different random seeds were processed. The random seed of the simulation affects the
stochastic quantities in its realization and influences for instance the inlet flows or the
vehicle capabilities (Columbia River Crossing, 2006). The value of the random seed
initializes a random generator. After the simulation of the calibrated model with the
different random seeds the average, so the arithmetic and thus unweighted average of
all simulation results, is used for evaluation purposes (PTV AG, 2020b). Considering
two base cases (AM and PM peak hour) and 14 scenarios (explained in Section 3.4) with
five simulation runs each, 80 runs are simulated.
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3.4

SCENARIOS
After setting up a base scenario that is calibrated, validated and transferable to

reality, the establishment of scenarios is applied. In terms of that, the case study
differentiates between changes of traffic volumes or routing decisions in Section 3.4.1
and the change in geometric network configurations in Section 3.4.2. Further
considerations are explained in Sections 3.4.3 and 3.4.4. An overview of the applied
scenarios can be found in the Table 9.
Additionally, a detour of the occurring traffic via an alternative road called Stony
Fort Road was considered. However, the consideration was dismissed due to the lack of
safety reflected in narrow lanes and curvy conditions. Further information regarding this
consideration are presented in Section 3.4.1.3.
Table 9: Overview of Scenarios

#
1

Description

4

S#
Category
S1.1.1 Change of
S1.1.2 traffic
volume or
S1.2.1 routing
S1.2.2

5

S1.3.1

10 % decrease of traffic volume - AM peak hour

6

S1.3.2

10 % decrease of traffic volume - PM peak hour

7

S1.4.1

20 % decrease of traffic volume - AM peak hour

8

S1.4.2

20 % decrease of traffic volume - PM peak hour

2
3

10 % increase of traffic volume - AM peak hour
10 % increase of traffic volume - PM peak hour
20 % increase of traffic volume - AM peak hour
20 % increase of traffic volume - PM peak hour
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Table 10: Overview of Scenarios – Continuation

#

S#

9

S2.1

10 S2.2
11 S2.3.1
12 S2.3.2
13 S2.4.1
14 S2.4.2
3.4.1

Category
Change in
geometric
network
configuration

Description
Left turn lanes at intersection Route 138 / Upper
College Rd - AM peak hour
Left turn lanes at intersection Route 138 / Ministerial
Rd - AM peak hour
Roundabout at Route 138 / Upper College Rd
- AM peak hour
Roundabout at Route 138 / Upper College Rd
- PM peak hour
Roundabout at Route 138 / Ministerial Rd
- AM peak hour
Roundabout at Route 138 / Ministerial Rd
- PM peak hour

CHANGES OF TRAFFIC VOLUME OR ROUTING

The Sections, 3.4.1.1 to 3.4.1.3, describe changes of traffic volumes and routes, and
analyze how they affect the traffic around the Kingston campus. This results in different
scenarios.
3.4.1.1 INCREASE OF TRAFFIC VOLUME
Regarding a potential increase of the traffic volume, Appendix B9 shows the
analysis results of the annual published common data set from URI regarding its
development and conditions from the academic year of 2001-2002 to 2019-2020. The
analysis focuses on the number of faculty members and students. The growth percentage
shows an average increase of around 12 %. The highest growth compared between the
lowest value of the academic year in 2002-2003 and the highest one in 2016-2017
depicts 22 %.
The considered increase of the traffic volume in the case study differentiates
between 10 % and 20 % to calculate in round numbers.
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3.4.1.2 DECREASE OF TRAFFIC VOLUME
In reverse, the scenarios of a decrease in traffic calculates with the same round
numbers of 10 % and 20 % in case URI establishes an efficient traffic management that
reduces the occurring traffic. Actions would be, among other things, the fight against
high numbers of SOVs, the promotion of the attractiveness of public transit and carpooling or the change from car-dominant transportation modes to alternatives, e.g.
bicycle commuting.
3.4.1.3 CHANGE OF TRAFFIC DIVERSION
The main arterial road that serves as the primary way for the commuting traffic of
URI’s Kingston campus is Route 138. An alternative route entering or leaving the
Kingston campus from or to the east is shown in Figure 23 and is called Stony Fort
Road.
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Figure 23: Alternative Route To or From the Campus Coming or Going To or From East (Purple
= Alternative Route, Red and Green Arrow = Start or Destination of Route) (Openstreetmap, 2020)

The shown route depicts a potential way that obviates congestion of Route 138.
However, in comparison to Route 138, Stony Fort Road shows several lacks to serve as
an appropriate detour. There is a lack of a breakdown lane and a too small distance from
the road to the surrounding trees, which leads to be an unsafe alternative. Additionally,
Stony Fort Road is not even classified as a collector road when taking a look in the
roadway classification set up by the Rhode Island statewide planning program shown in
Figure 24.
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Figure 24: Roadway Classification from the Rhode Island Statewide Planning Program
(modified) (Rhode Island Department of Administration - Division of Planning, 2014)

Regarding this consideration to recommend the road as an alternative route, the
aspect of having a lack in safety leads to the conclusion that the road is not appropriate
for higher traffic volumes. If URI were to grow in a significant manner, it could be
considered to detour traffic via Stony Fort Road when the infrastructure gets improved.
3.4.2

CHANGES IN GEOMETRIC NETWORK CONFIGURATION

In addition to changes in traffic volumes, either if they increase or decrease, the
change of geometric network elements can improve the handling of occurring traffic
volumes significantly. The following Sections, 3.4.2.1 and 3.4.2.2, distinguish between
changes in certain lanes or the redesign of whole traffic nodes.
3.4.2.1 LEFT TURN LANES AT INTERSECTIONS
Route 138 shows high traffic volumes during peak hours, which lead to congestion
when turning movements do not have designated lanes to line up. In terms of that, two
scenarios address this problem and simulate the occurring traffic volume with geometric
changes. Figure 25 depicts a potential left turn lane at the intersection of Kingstown
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Road and Upper College Road, and Figure 26 shows a left turn lane at the intersection
of Kingstown Road and Plains Road.

Figure 25: Implementation of a Left Turn Lane at the Intersection Kingstown Road / Upper
College Road (PTV AG, 2020a)

Figure 26: Implementation of a Left Turn Lane at the Intersection Kingstown Road / Plains Road
(PTV AG, 2020a)

Regarding the geometric change at the above-mentioned intersections, it is
important to keep in mind that these changes require a lot of land use and construction
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effort. The modeled left turn lanes feature space for around 12 cars and have a length of
roughly 300 feet.
3.4.2.2 ROUNDABOUTS
Similar to the implementation of left turn lanes, roundabouts can help to reduce the
potential of congestion. Figure 27 below depicts a potential roundabout at the
intersection of Kingstown Road and Upper College Road, while Figure 28 shows a
potential roundabout at the intersection of Kingstown Road and Plains Road.

Figure 27: Implementation of a Roundabout at the Intersection Kingstown Road / Upper College
Road (PTV AG, 2020a)
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Figure 28: Implementation of a Roundabout at the Intersection Kingstown Road / Plains Road
(PTV AG, 2020a)

In consideration to the space requirements of roundabouts, it is even more space
consuming in comparison to designated left turn lanes. The modeled roundabout at the
intersection of Kingstown Road and Upper College Road has a circle diameter of 90 feet
and the one at the intersection of Kingstown Road and Plains Road has a circle diameter
of 120 feet. In addition to the two modeled roundabouts on Route 138, smaller
roundabouts on campus should be considered. To date, road nodes on campus are built
without roundabouts but for instance on main roads, such as Upper College Road,
roundabouts should be considered to improve traffic flows.
In addition, in the consideration of roundabouts it is assumed that persons driving
in roundabouts are familiar with the right-of-way rules associated with them, which
means for the sake of modeling this event, and that the driver behavior and parameters,
such as the vehicle headways, are the same as in the base case when driving through
typical intersections.
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3.4.3

RECOMMENDATIONS FROM THE TPMP

In terms of future transportation actions regarding mobility, URI commissioned the
TPMP. The following tables, Table 11 and Table 12, show certain phased
recommendations that are related to the case study.
Table 11: Phased Recommendations from the TPMP (VHB, 2018)

#

Recommendations
Field
Action
Short-term (< 2 years)
•
•
•
•

1a

Parking

•
•
•
•
•

Provide incentives for faculty/staff who do not bring a car
to campus
Improve marketing of transportation commuter options
(less focus on cars)
Designate a parking district (Plains Road Lot) with
transportation hubs
Develop a numbering system for the parking lots for ease
of wayfinding and permit allocation
Begin design of 1-level parking decks at Flagg Road Lot,
Fine Arts Lot, and Welcome Center Lot
Obtain accurate origin-destination data for parking facility
users tied to permit applications (data field entry)
Implement technology-based parking management system
Identify priority parking areas for carpoolers and electric
vehicle charging stations
Identify off-campus locations for remote parking for
commuters
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Table 12: Phased Recommendations from the TPMP - Continuation (VHB, 2018)

Recommendations
•

Transit /
2a

•

Shuttle /
Fleet
•

Roadway /

•

3a Pedestrian /
Bicycle

Advance the rail and road connectivity concepts developed
by RIDOT and other reasonable connectivity alternatives
between Kingston Station and URI
Modify existing shuttle system in order to enable future
parking changes: Regional connector - Focus RIPTA
service on a strengthened and expanded regional
connection to campus fringe parking lots, high density offcampus residential areas, remote lots, Providence-, RINECand NBC-campuses.
Pilot a Connected Vehicle/Automated Vehicle Corridor oncampus (along Upper College Road)
Implement uniform pavement markings and branding and
standardized walkway improvements and hierarchy. All
pavement markings and signage need to meet basic
MUTCD requirements.

Intermediate (2 -5 years)
•
1b

Parking

Transit /
2b

Shuttle /

•
•
•

Expand U-Pass program by activating IDs (students,
faculty, staff) as bus passes
Migrate shuttle system to private on-campus circulator
synchronized with existing RIPTA service to/from campus
regionally

•
•
•

Reconfigure general campus vehicular circulation
Implement Complete Streets on select roadways
Implement formalized bike share program

Fleet
Roadway /
3b Pedestrian /
Bicycle

Convert initial select parking lots in the campus core to be
accessible lots or loading/service only
Implement carpool parking and electric vehicle charging
stations

Long-term (> 5 years)
1c

Parking

•

Convert remaining parking lots in the campus core to be
accessible only for loading/service
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3.4.4

CHANGE OF TRAFFIC SIGNAL TIMING

The simulation network features three intersections with traffic signals. All of these
intersections are located on Route 138 and are illustrated in the previous figures, Figure
9 to Figure 11 in Section 3.1.1.2. Additionally, regarding the scenario of green time
extensions for certain critical traffic movements, the max-outs of green times are
evaluated in the following chapter.
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4

CHAPTER 4 – RESULTS AND DISCUSSION

The first section of Chapter 4 (4.1) emphasizes which distinctive locations or
bottlenecks in the modeled network show weaknesses and are significant to analyze.
Section 4.2 shows the evaluation results divided into network performance and certain
nodes. The limitations of these results are emphasized in the final section of Chapter 4,
Section 4.3.
4.1

DISTINCTIVE LOCATIONS OF THE MODELED NETWORK
In terms of a modeled traffic network that reaches a higher complexity, it is

challenging to define which distinctive locations should be analyzed. Only critical
locations are necessary to be considered further. The first results of the case study show
that the most critical locations with potential need for actions are mostly related to the
roadway of Route 138. The following figures, Figure 29 to Figure 34, show evaluations
of average queue lengths that arise during simulation runs.

Figure 29: Congestion Formation for the AM Peak Hour – Overview (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)
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Figure 29 depicts an overview of the Kingston campus in terms of the occurring
traffic leading to congestion in the morning peak hour. The northern part of the campus
depicts congestion on Flagg Road.

Figure 30: Congestion Formation for the AM Peak Hour – Southeast (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)

Figure 30 shows the southeastern part of the campus, which depicts the worst
congested area of the case study. Route 138, Kingstown Road, Upper College Road and
Lower College Road suffer the most from high traffic volumes that come from the east
and the south.
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Figure 31: Congestion Formation for the AM Peak Hour – Southwest (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)

Figure 31 gives an impression about the southwestern part of the campus area. The
travel direction coming from west leads to the most pressing congestion in the morning
peak hour.

Figure 32: Congestion Formation for the PM Peak Hour – Overview (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)
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Figure 32 depicts an overview of the Kingston campus in terms of the occurring
traffic leading to congestion in the afternoon peak hour. The northern part of the campus
depicts congestion on Flagg Road and at the exits of parking lots.

Figure 33: Congestion Formation for the PM Peak Hour – Southeast (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)

Figure 33 shows the southeastern part of the campus, which depicts the worst
congested area of the case study. The most pressing travel directions changed from the
morning peak hour, however, and now find their destination in the cardinal direction
towards east and south.
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Figure 34: Congestion Formation for the PM Peak Hour – Southwest (modified; Grey = Modeled
Road Network; Red = Congested Areas; P = Modeled Parking Lots) (PTV AG, 2020a)

Figure 34 shows a similar trend to the previously shown figures that the roadways
in the afternoon suffer from the traffic that is coming from URI. As shown, traffic that
is going into the cardinal directions of south and west are most pressing.
Table 13 gives an overview of the distinctive locations that suffer most from the
occurring traffic volumes divided into the AM and PM peak hour. The cardinal
directions are related to the vehicle movements, which are critical at four certain nodes
on Route 138. For instance, the vehicle movement at the distinctive location of the first
node during the AM peak hour in the cardinal direction from east to west is coming from
the east on Kingstown Road and is traveling straight on Kingstown Road in the cardinal
direction of west.
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Table 13: Summary of Distinctive Locations Which Suffer from High Congestion

Cardinal Direction [from cardinal direction - to cardinal direction]
Node #1

AM-peak hour

PM-peak hour

1

E-W, S-W

W-E, W-S

2

E-W, E-N

W-E, N-E

3

W-E, W-N

E-W, N-W

42

E-W, E-N

W-E, N-E

1

= Node 1: Intersection Kingstown Rd, Mooresfield Rd and Kingstown Rd; Node 2:
Intersection Kingstown Rd, Upper College Rd; Node 3: Intersection Kingstown
Rd, Plains Rd; Node 4: Intersection Kingstown Rd, Lower College Rd
2
= unsignalized Intersection

As a result, in this overview of congested areas, the analysis focuses on the traffic
occurring at the four above mentioned traffic nodes. Regarding the MOEs that are used
to compare the performances of these nodes, Table 7 (Section 3.3.3) explains
measurements served for this purpose.
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4.2

EVALUATION OF THE SIMULATION RESULTS
The following Sections, 4.2.1 to 4.2.2, show details about the evaluation results

from the simulation of the base cases and scenarios. All results are made for the morning
and afternoon peak hour. The considered MOEs are explained in Section 3.3.3.
4.2.1

GENERAL NETWORK PERFORMANCE

The general network performance of the given network can be measured by several
parameters. Appendix C shows a table that compares the base case with the scenarios
when traffic volumes increased or decreased or the geometry changes. The most
important parameters of comparison are:
•

Average Delay per Vehicle (ADpV) [s]
AM peak hour: With a traffic volume increase of 10 % the ADpV is nearly
1.7 times higher than before. An increase of 20 % nearly doubles the ADpV.
PM peak hour: The afternoon shows a similar trend for an increase of 10 %
but an even higher volume for an increase of 20 %.
In both cases of the AM and PM peak hour, the geometric changes only
show slight differences between the base case and the scenarios. The trend
tends to worsen the delay besides from the implementation of a roundabout
at the intersection of Route 138 and Ministerial Road.

•

Average Stops per Vehicle (AStpV) [-]
AM peak hour: With only a traffic volume increase of 10 %, the AStpV are
one and a half times higher than before. An increase of 20 % nearly doubles
the AStpV.
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PM peak hour: The afternoon depicts the same trend as the morning peak
hour.
In both cases of the AM and PM peak hour, the geometric changes only
show slight differences between the base case and the scenarios. The trend
tends to worsen the delay, except from the implementation of a roundabout
at the intersection of Route 138 and Ministerial Road.
•

Average Speed per Vehicle (ASppV) [mi/h]
AM peak hour: The speed level drops by a quarter when the traffic volume
increases by 10 %. The trend gets worse with an increase of an additional
10 %.
PM peak hour: The afternoon depicts the same trend as the morning peak
hour.
In both cases of the AM and PM peak hour, the geometric changes only
show slight differences between the base case and the scenarios.

•

Vehicles Arrived at Destination [-]
AM peak hour: When the traffic volume increases by 10 %, not even 1 %
of additional vehicles arrive at their destination, which means that the
additional vehicles are still stuck in congested areas of the network. With
an increase of 20 %, the rate reaches nearly 3 %. The ratio between the
traffic increase of 10 % and 20 % and the vehicles arrived at their
destinations is not linear since the simulation is based on a stochastic nature.
PM peak hour: The afternoon depicts a similar trend as the morning peak
hour.
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In all scenarios, the reduction of the traffic volume by even 10 % shows a
significant improvement of the vehicle network performance. For further details, see
Appendix C.
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4.2.2

NODE EVALUATIONS

Sections 4.2.2.1 to 4.2.2.4 give insights about the evaluation results of the three
signalized intersections (Nodes 1-3) and about the one intersection without traffic
signals (Node 4). All of these intersections are attached to the Route 138, and an
overview is given in Figure 35. Other intersections related to the campus are not
considered in detail since most of the traffic congestion is occurring at Route 138 and
smaller intersections on-campus are regulated by all-way-stop control.

Figure 35: Node Evaluations – Overview (PTV AG, 2020a)

The evaluation results are based on the attached simulation results, which can be
found in Appendix D1 and Appendix D2. Appendix D1.1 shows the node evaluations
of the AM peak hour as tables and Appendix D1.2 shows the same as graphs. The same
structure can be found for the PM peak hour in Appendix D2.1 and Appendix D2.2. The
evaluation results of the signal timings can be seen in Appendix E1 and Appendix E2.
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The evaluation results expressed in MOEs are mostly showing similar trends. For
instance, if average vehicle stops are greater, it is likely that a longer queue length
developed which leads to a higher vehicle delay, fuel consumption and emission. This
suggests that the reduction of exhaust or noise emissions come along with more efficient
traffic flow. The evaluation graphs shown in Appendix D1.2 and Appendix D2.2
illustrate this trend and interdependency. Due to this Sections 4.2.2.1 to 4.2.2.4 only
show significant results, focusing on average queue lengths and omit gratuitous ones.
With reference to the environmental assessment of the research, Table 14 depicts
the CO emission trend of the evaluated Nodes 1 to 4 by comparing the base case with
the scenarios of an increase or decrease of traffic volume for the morning peak hour.
Table 15 gives the same insight for the afternoon peak hour. In addition, both tables
compare the base case with the implementation of a roundabout at the intersection of
Route 138, Ministerial Road and Plains Road.

Table 14: Carbon Monoxide Emission Trend - Comparison of Nodes and Scenarios (AM)

Carbon Monoxide Trend [%]
Node

Base Case

1
2
3
4
1

As base for
comparison

+10 %

-10 %

-20 %

+13 %

-36 %

-51 %

+10 %

-25 %

-41 %

+11 %

-21 %

-39 %

-2 %

-17 %

-31 %

RB at IS31

-35 %

= Roundabout at Intersection 3: Route 138, Ministerial Road and Plains Road
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Table 15: Carbon Monoxide Emission Trend - Comparison of Nodes and Scenarios (PM)

Carbon Monoxide Trend [%]
Node

Base Case

1
2
3

As base for
comparison

4
1

+10 %

-10 %

-20 %

+2 %

-16 %

-87 %

-3 %

-42 %

-57 %

+13 %

-24 %

-39 %

+22 %

-58 %

-73 %

RB at IS31

+11 %

= Roundabout at Intersection 3: Route 138, Ministerial Road and Plains Road

When traffic volumes increase, a similar trend in the exhausted CO emissions can
be seen. However, more meaningful is the trend when traffic volumes decrease. The
results show that the environmental burden shrinks significantly. The greatest impact
can be seen at Node 1 (Intersection Kingstown Road / Mooresfield Road) during the
afternoon peak hour. Reducing the traffic volume by 20 % leads to a CO emission
reduction of close to 90 %.
Looking to the implementation of a roundabout at the intersection of Route 138,
Ministerial Road and Plains Road at first view the increase of CO emissions by 11 %
depicts a negative trend. By comparing the base case with this geometric change
regarding the total number of vehicles arrived at their destination it can be seen that
30 % more vehicles arrived in the scenario with the roundabout (compare Appendix C).
In conclusion, the emissions increase but the processed cars in the network are much
higher, leading to a positive trend when taking the exhausted CO emissions per vehicle
into consideration.
Regarding the evaluation of the traffic signals or green times respectively of Node 1
to Node 3, it should be mentioned that a reduction in traffic volume produces an
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improvement in the traffic efficiency with a decreased need for as much green time. In
the following evaluation results, the base case is compared to a traffic volume reduction
of 20 %. The need for green time is highly reduced when the traffic volume is decreased
by 20 %, and the traffic signals do not reach their maximum green times anymore.
Furthermore, the evaluation focuses on passenger cars, and the other different
modal shares as explained in Figure 4 (section 2.1) are not evaluated.
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4.2.2.1 NODE 1: KINGSTOWN ROAD / MOORESFIELD ROAD
Figure 36 shows total traffic counts of the intersection of Node 1 over the whole
simulation period of 3,600 seconds during the AM peak hour for the base case. Figure
37 gives the same insights for the PM peak hour.

Figure 36: Node 1 - Intersection Count (AM-Peak Hour)

Figure 37: Node 1 - Intersection Count (PM Peak Hour)

The evaluation focus is based on the highly impacted movements as shown in Table
13 (section 4.1) and reconfirmed in the above shown figures.
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Figure 38 illustrates the high impact of traffic volume reductions and their relation
to the occurring average queue lengths.

Figure 38: AM Node 1 Evaluation - Average Queue Length (Traffic Volume Change)

Increasing the traffic volumes by 10 % and 20 % respectively, increases queue
lengths significantly. The comparison between the two increasing scenarios depicts that
the continuous connected queue lengths are of similar length. By decreasing the traffic
volumes, a queue of only a few vehicles is left. A similar trend can be seen for the
vehicle delay, fuel consumption, Carbon Monoxide (CO) emissions and the afternoon
peak hour. The difference in the afternoon peak hour depicts that the peak hour is not
showing such an improvement when the traffic volumes get reduced by only 10 %.
Additionally, Figure 39 and Figure 40 illustrate a comparison of the green times of
the base case and the scenario when the traffic volume gets reduced by 20 % during the
morning peak hour.
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Figure 39: AM Node 1 Evaluation - Green Times Base Case

Figure 39 shows that both the signal group of Route 138 and of Route 108 max out
(30 seconds for both groups) soon after the simulation starts the evaluation. In
comparison to the base case, Figure 40 clearly depicts that the afore maxed out green
times experience an improvement and decrease significantly.

Figure 40: AM Node 1 Evaluation - Green Times Scenario of Traffic Volume Reduction of 20 %
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The average green time during the morning peak hour can be reduced by around
33 % for the Signal Group 1 (SG 1) and by around 36 % for the Signal Group 2 (SG 2)
when the traffic volume decreases by 20 %. More details can be found in Appendix E2.
Overall, during the morning peak hour the intersection comes to a LOS of D (LOS
B for the afternoon) in the base case but could reach the LOS of C (LOS B for the
afternoon) when reducing the traffic volume by 10 % or reaching LOS B (LOS A for
the afternoon) by a reduction of 20 %.
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4.2.2.2 NODE 2: KINGSTOWN ROAD / UPPER COLLEGE ROAD
Figure 41 shows total traffic counts of the intersection of Node 2 over the whole
simulation period of 3,600 seconds during the AM peak hour for the base case. Figure
42 gives the same insights for the PM peak hour.

Figure 41: Node 2 - Intersection Count (AM Peak Hour)

Figure 42: Node 2 - Intersection Count (PM Peak Hour)

The evaluation focuses on the highly impacted movements as displayed in Table
13 (section 4.1) and reconfirmed in the above shown figures.
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The evaluation results at the intersection of Route 138 and Upper College Road
show similar results in terms of traffic volume reductions to the ones from Node 1,
which were described above in section 4.2.2.1.
Additionally, an analysis of the intersection compares the base case with changes
in geometric scenarios. Figure 43 illustrates the average queue lengths of the base case
in comparison to a left turn lane on Route 138 coming from the west turning on Upper
College Road and a roundabout.

Figure 43: AM Node 2 Evaluation - Average Queue Length (Geometry Change)

With the installation of a modern roundabout, there were increases in queue lengths,
and therefore an even worse situation. Reasons for that are related to the size of the
simulated roundabout and the interdependency of the adjacent traffic network elements.
The simulated circle diameter of only 90 feet, which is the lowest value in the range of
a single-lane roundabout as shown in Figure 44, is reaching its capacity limit. As AADT
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values measured by the RIDOT (compare Appendix A2) show, the limit of
20,000 vehicles per day is exceeded.

Figure 44: Key Characteristics of Roundabouts (Roess et al., 2019)

Furthermore, Figure 45 shows the congestion on Route 138, which is caused by
turning movements to and from the roads of South Road, Old North Road and Route
108.

Figure 45: AM Congestion on Route 138 (modified; Scenario S2.3.1) (PTV AG, 2020a)

The situation above depicts that a high traffic volume that is hardly feasible at
certain parts of a traffic network has an impact on different other network elements as
well. The side roads of Route 138 effect not only its own performances, but they also
impact each other as well. In comparison, during the afternoon peak hour, the queue
lengths can be get reduced by the implementation of a roundabout on Route 138
connected to Upper College Road.
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Additionally, Figure 46 and Figure 47 illustrate a comparison of the green times of
the base case and the scenario when the traffic volume gets reduced by 20 % during the
afternoon peak hour.

Figure 46: AM Node 1 Evaluation - Green Times Base Case

Figure 46 shows that the signal group for vehicles coming from the Upper College
Road (SG 3) and turning on Route 138 max out (28 seconds) soon after the simulation
starts to evaluate. In comparison to the base case, Figure 47 clearly depicts that the
reduction in traffic volume produces an improvement in the traffic efficiency and
decrease the need for green time significantly.
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Figure 47: AM Node 1 Evaluation - Green Times Scenario of Traffic Volume Reduction of 20 %

The average green time during the afternoon peak hour can be reduced by around
19 % for the Signal Group 2 (SG 2) and by around 30 % for the Signal Group 3 (SG 3)
when the traffic volume decreases by 20 %. More details can be found in Appendix E2.
Overall, during the morning peak hour, the intersection comes to a LOS of C (LOS
D for the afternoon) in the base case and could stay (reach) the LOS of C (LOS C for
the afternoon) when reducing the traffic volume by 10 % or reaching LOS B (LOS B
for the afternoon) by a reduction of 20 %.
The implementation of a roundabout would drop the LOS from D to C during the
afternoon peak hour. During the morning peak, it remains the same.
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4.2.2.3 NODE 3: KINGSTOWN ROAD / PLAINS ROAD
Figure 48 shows total traffic counts of the intersection of Node 3 over the whole
simulation period of 3,600 seconds during the AM peak hour for the base case. Figure
49 gives the same insights for the PM peak hour.

Figure 48: Node 3 - Intersection Count (AM Peak Hour)

Figure 49: Node 3 - Intersection Count (PM Peak Hour)
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The evaluation focuses on the highly impacted movements as turned out in Table
13 (section 4.1) and reconfirmed in the above shown figures.
The evaluation results at the intersection of Route 138, Ministerial Road and Plains
Road show similar results in terms of traffic volume reductions to the ones from Node
1, which were described above in section 4.2.2.1.
Additionally, an analysis of the intersection compares the base case with changes
in geometric scenarios. Figure 50 illustrates the average queue lengths of the base case
in comparison to a left turn lane on Route 138 coming from the west turning on Plains
Road and a roundabout.

Figure 50: AM Node 3 Evaluation - Average Queue Length (Geometry Change)

The results show that installing a left turn lane decreases the queue lengths slightly
and therefore improves the traffic situation. Installing a roundabout at this node leads to
better results than in prior analysis. The situation above depicts that high traffic volumes
can be handled significantly better by a larger roundabout when the given location
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allows the implementation and the adjacent infrastructure does not have a high direct
impact on the roundabout’s performance.
Additionally, Figure 51 and Figure 52 compare the green times of the base case and
the scenario when the traffic volume gets reduced by 20 % during the afternoon peak
hour.

Figure 51: PM Node 3 Evaluation - Green Times Base Case

Figure 51 shows that the signal group for vehicles coming from Ministerial Road
turning and from Route 138 continuing on Route 138 max out (34 seconds for Signal
Group 2 and 30 seconds for Signal Group 3) mostly after the simulation starts to
evaluate. In comparison to the base case, Figure 52 clearly depicts that the afore
mentioned maxed-out green times needed for capacity decreased significantly.
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Figure 52: PM Node 3 Evaluation - Green Times Scenario of Traffic Volume Reduction of 20 %

The average green time during the afternoon peak hour can be reduced by around
27 % for the Signal Group 2 (SG 2) and by around 28 % for the Signal Group 3 (SG 3)
when the traffic volume decreases by 20 %. More details can be found in Appendix E2.
Overall, during the morning peak hour, the intersection comes to a LOS of C (LOS
D for the afternoon) in the base case but could stay (reach the) LOS of C (LOS C for the
afternoon) when reducing the traffic volume by 10 % or reaching LOS B (LOS C for
the afternoon) by the reduction of 20 %.
Implementing a roundabout would drop the LOS from C to B during the morning
peak hour and from LOS of D to C during the afternoon.
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4.2.2.4 NODE 4: KINGSTOWN ROAD / LOWER COLLEGE ROAD
Figure 53 shows total traffic counts of the intersection of Node 4 over the whole
simulation period of 3,600 seconds during the AM peak hour for the base case. Figure
54 gives the same insights for the PM peak hour.

Figure 53: Node 4 - Intersection Count (AM Peak Hour)

Figure 54: Node 4 - Intersection Count (PM Peak Hour)

The evaluation focuses on the highly impacted movements as turned out in Table
13 (section 4.1) and reconfirmed in the above shown figures.
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Evaluating the results, at the intersection of Route 138, Ministerial Road and Plains
Road shows similar results for the traffic volume reductions to the ones from Node 1,
which were described above in section 4.2.2.1. The decrease of occurring traffic shows
significant improvements in reducing average queue lengths, particularly in the
afternoon peak hour when URI-related traffic leaves the campus as Figure 55 displays.

Figure 55: PM Node 4 Evaluation - Average Queue Length (Traffic Volume Change)

Overall, during the afternoon peak hour, the intersection comes to a LOS of E in
the base case but could reach the LOS of B when reducing the traffic volume by 10 %
or reaching LOS A by the reduction of 20 %.
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4.2.3

SPECIFIC ROUTES

In addition to the evaluation of the network and the four specific nodes, two further
travel time measurements give insight about the travel time on Route 138 and on Flagg
Road which can be seen in Figure 56.

Figure 56: Travel Time Measurements Close to URI (Purple = Measured Routes) (Openstreetmap,
2020)

The rationale for choosing the route on Flagg Road is based on the regular suffering
of high traffic volumes that is URI-related due to the fact that this road is the main route
for travel to and from larger parking lots located on the north side of the Kingston
campus. The rationale for choosing the route on Route 138 is based on the investigation
interest in finding out how non-URI-related traffic is affected by certain scenarios. Both
routes distinguish between the cardinal-travel-directions from east to west and vice
versa. Results of the travel time measurements are displayed in Table 16.
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Table 16: Travel Time Measurements Increase or Decrease

Peak
Hour
AM

Road- Cardinal
+10%
-10%
-20%
RB at
RB at
1
way Movement
IS 2
IS 32
Rt 138
E-W
+3%
-5%
-7%
-7%
-3%
W-E
+42%
-36%
-44 %
+47%
+12%
Flagg
E-W
+14%
-6%
-12%
-11%
+1%
Rd
W-E
No Designated Vehicle Route
PM Rt 138
E-W
-12%
-15%
-14%
-17%
+8%
W-E
+4%
-19%
-24%
+13%
0%
Flagg
E-W
No Designated Vehicle Route
Rd
W-E
+108%
-20%
-27%
+55%
0%
1
= Roundabout at Intersection 2: Route 138 and Upper College Road
2
= Roundabout at Intersection 3: Route 138, Ministerial Road and Plains Road

Several changes can be seen for different routes. In the morning peak hour, the west
to east direction on Route 138 shows a significant change when traffic volumes increase
or decrease. The prior performed evaluations show that the implementation of a
roundabout is only advisable at the intersection of Route 138 and Ministerial Road. The
vehicle network performance shows that the average delay per vehicle decreases when
a roundabout is implemented. Unfortunately, the travel time for non-URI-related traffic
on Route 138 increases by 12 % for the west to east direction leading to the finding that
only URI-related traffic is put at an advantage. This increased travel time is caused by
the interdependency of the different nodes on Route 138. If a non-URI-related vehicle
comes from the west going to the east traveling on Route 138, the travel time can be
reduced at the intersection of Route 138 and Ministerial Road when a roundabout is
implemented, but the traffic participant still has to struggle with the congested traffic
nodes of Route 138 and Lower College Road, Upper College Road and Route 108. This
finding emphasizes the importance of the consideration of travel routes as a connected
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system, although it’s important to recognize individual segments or intersections. The
impact of changes of the traffic volume during the morning peak hour on Flagg Road
are negligible.
The afternoon peak hour depicts a slightly higher travel time on Route 138 for both
travel directions when the traffic volume gets increased. Similarly, the delay can be
reduced when the volumes is lower. The 17 % reduction of travel time for the scenario
including a roundabout at the intersection of Route 138 and Ministerial Road comes
along with an increase of 30% of total vehicles arriving at their destination, compared
to the base case.
Installing a roundabout at the intersection of Route 138 and Upper College Road
tends to contribute to the traffic flow as well. The route on Flagg Road shows an
enormous increase of travel time during the afternoon peak hour when the traffic volume
is increased. Further results can be found in Appendix F.
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4.2.4

SUMMARY OF RESULTS

Table 17 and Table 18 give an overview of average vehicle delays as percentages
compared to the base cases, which were obtained after simulating the base case and
scenarios. The tables are separated into the morning peak hour and the afternoon peak
hour and focus on traffic volume reductions and geometric changes.

Table 17: Average Vehicle Delay [%] in comparison to Base Case – AM Peak Hour

Focus

Network
PerforNode 1
Node 2
Node 3
Node 4
Scenario
mance
+ 10 %
+ 66%
+ 19%
+ 99%
+ 11%
+ 3%
- 10 %
- 39%
- 48%
- 33%
- 21%
- 23%
- 20 %
- 54%
- 60%
- 46%
- 35%
- 35%
1
RB Node 2
+ 21%
/
- 3%
/
/
2
RB Node 3
- 7%
/
/
- 54%
/
3
LT Node 2
+ 2%
/
- 16%
/
/
LT Node 34
+ 25%
/
/
+ 56%
/
1
= Roundabout at Intersection 2: Route 138 and Upper College Road
2
= Roundabout at Intersection 3: Route 138, Ministerial Road and Plains Road
3
= Left Turn Lane at Intersection 2: Route 138 and Upper College Road
4
= Left Turn Lane at Intersection 3: Route 138, Ministerial Road and Plains Road
Table 18: Average Vehicle Delay [%] in comparison to Base Case – PM Peak Hour

Focus

Network
PerforNode 1
Node 2
Node 3
Node 4
Scenario
mance
+ 10 %
+ 64%
+1%
- 6%
+ 14%
+ 33%
- 10 %
- 39%
- 16%
- 49%
- 27%
- 60%
- 20 %
- 49%
- 49%
- 64%
- 38%
- 76%
1
RB Node 2
+ 20%
/
- 40%
/
/
2
RB Node 3
- 9%
/
/
- 31%
/
1
= Roundabout at Intersection 2: Route 138 and Upper College Road
2
= Roundabout at Intersection 3: Route 138, Ministerial Road and Plains Road
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Mostly, the results show a significant improvement when traffic volumes get
reduced or certain geometry gets changed. Further results can be found in Appendix C
for the network performance and in Appendix D for the node results.

109

4.3

LIMITATIONS
The setup of the simulation model and the findings give an approach on how to

handle today’s traffic of URI’s Kingston campus and give insights about how future
situations could look. The research can depict conditions close to accurate real-world
ones with its validated simulation model. The conducted sensitivity analyses and the use
of different random seeds in the simulation procedure are even able to show the model’s
variations. Even though the case study is conducted in an accurate approach, it shows
several limitations as well that are clarified in the following.
4.3.1

SCOPE OF THE CASE STUDY

The scope of the case study comprises the biggest part of the surrounding road
network of URI’s Kingston campus. Even though the study analyzes a larger area and
takes interdependencies of different network elements into consideration, potential
changes in the considered network lead to changes of adjacent road networks close to
the scope or lead to relocate issues to different locations. One example is shown in
Figure 57. The traffic flow coming from east going west, marked in purple, is considered
up to the U.S. Route 1 highway. East of the highway, the roadway, marked in red, suffers
from high traffic volumes during morning peak hours as well.
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Figure 57: Limitation of the Scope of the Study (modified; Purple = Considered Route, Red =
Congested Section During Peak Hour) (Openstreetmap, 2020)

The exemplification depicts that even though simulation models can improve traffic
systems, still there are always further issues that are close to the considered scope of a
project leading to the fact that the case study is only limited in its applicability.
4.3.2

MODAL SHARES

The case study focuses on the commuting traffic of URI Kingston campus traffic
which is done by individual passenger cars. Further analyses of different modal shares
should be performed to display the whole traffic system which is in place to give further
recommendations. For instance, the implementation of pedestrian activities at
crosswalks would decrease the vehicle network performance. Additionally, a case study
to compare the impact of an increased public transit ridership in comparison to the high
number of today’s SOV is worth to consider.
4.3.3

DATA BASE

The data base of this case study relies on traffic counts expressed as AADT values
that are mainly provided by the RIDOT. Generating appropriate data input during the
data processing for the simulation model, several assumptions, such as parameters for
the proportion of the daily traffic and the peak hour traffic (K- and D-Factor), are stated.
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An appropriate data validation process to prove statistical significance is advisable.
Executing traffic counts at relevant roads close to the campus would contribute to this
validation process. Due to the COVID-19 situation, this validation could not have been
done and there is an uncertainty that the data can deviate to a certain amount. After
validating the traffic counts from RIDOT, a potential calibration of the model is
necessary. A similar approach of validation and calibration for the driving behavior of
simulated traffic participants is advisable as well.
4.3.4

ROUTE CHOICES

The route choices of the case study are based on the main access roads to and from
the campus but do not compromise dynamic route changes when certain parts of the
network show congestion. Choosing a more driver-dependent approach can be
implemented, which could comprise certain behavioral rules, decision making and
memories.
Additionally, concatenations of routes, e.g. doing errands on the way to/from the
destination, are not considered and the simulated traffic chooses direct ways. A better
approach for considering route choices is to use FCD instead of the base of traffic counts
to get deeper insights about route choices.
4.3.5

SCENARIOS

The considered scenarios cover only a certain part of potential cases in the future.
The combination or expansion of scenarios helps to get an even better understanding of
today’s and projected future traffic. Furthermore, the scenarios of increased or decreased
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traffic volume use the simplified approach of changing the traffic volume of the whole
model and not only of the URI-related one.
4.3.6

EVALUATION

The evaluation results are based on software-dependent background calculations.
For instance, the environmental impact assessment tool, which investigates fuel
consumption and CO emissions, uses simplified methods via node evaluations by using
standard formulas that refer to a data base. A potential use of the VISSIM® model in
combination with a further program called EnViVer® is recommended to get more
detailed insights about exhaust emissions that are not only based on vehicle fleets but
also on detailed vehicle record data.
Furthermore, evaluations focusing on potential economic consequences are
advisable. For instance, traffic improvements with the construction of roundabouts can
be compared to environmental or economic savings for URI, RIDOT or the state of
Rhode Island. Potential savings lead to higher incentives for departments or
communities to change previous structures.
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5

CHAPTER 5 – POTENTIAL IMPROVEMENTS & GUIDELINES FOR
URI
Even as URI’s own TPO is highly motivated to improve campus mobility in

different aspects, this thesis takes different improvement approaches for future
applications into consideration. These approaches are summed up in the following four
sections.
5.1

CHANGES IN TRANSPORTATION MANAGEMENT
As already planned by the TPO, TDM is inescapable and should be implemented

as soon as possible. One part of it should help the URI-community to choose the right
routes for commuting back and forth to campus. The construction of larger centralized
parking lots off the campus core, such as the Plains Lot, with frequently running shuttle
services are a very effective approach to avoid traffic congestion all over the campus
network and comes along with an improvement of sustainability. Even scenarios of
closing certain roadways for commuting traffic is worth considering.
Figure 58 depicts a direct route coming from the east going to Plains Lot (left map)
and the route via the continuation on Route 138 with the right turn on Plains Road (right
map). The red circle indicates the potential implementation of a roundabout as explained
more precisely in Section 5.3.
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Figure 58: Route Choices To and From URI Campus (modified; Purple = Considered Route, Red
Circle = Implementation of a Roundabout) (Openstreetmap, 2020)

The alternative route, as suggested in the TPMP as well, shown above in Figure 58
would allow the closure of Upper College Road for commuting traffic, which would
result in a more harmonic impression when visitors arrive to campus instead of
experiencing high traffic congestion.
The closure of the campus core for commuting traffic relieves pressure on the URIcommunity and creates a livelier campus atmosphere. Regarding on-campus mobility,
which is already equipped with a notable shuttle service, the further implementation of
a bike sharing program would increase the satisfaction for URI-members to get around
and close the gap between walking and the shuttles offered. The ban of commuting
traffic around the campus core would create more space for alternative transportation
approaches like bike riding and the implementation of mobility hubs. These hubs would
provide a larger variety of connections all over the campus and build the link between
different modal shares.
Additionally, the implementation of a traffic control and information system would
help commuters to find their ideal route to parking lots. In addition, the allocation of
commuters to certain parking lots would help avoiding commuter traffic looking for a
parking space at different lots. Support can be given by setting up traffic telematics or
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smartphone-based applications. The same approach works for event parking. During
regular sporting or other larger events hosted by URI, the surrounding roadways
experience high congestion as well and certain bottlenecks represent problems. An
information system to guide arriving guests to parking lots would help for these
scenarios.
Furthermore, the continuing promotion and exertion of influence on the URIcommunity to make use of alternative transportation offers is recommended. Even
though URI is already taking actions to reduce its traffic volume of individual cars by
implementing a carpool program and offering the U-Pass program, the road network is
still suffering from high traffic volumes during peak hours. Figure 59 gives a visual
impression about the potential for how to unburden the traffic system when mobility
behavior changes and traffic participants switch from passenger cars to the modes of
bicycles or public transit. It emphasizes that the reduction of private traffic by individual
cars is the most effective option to improve transportation systems in terms of
sustainability.

Figure 59: Road Space Requirements (modified) (Transformative Urban Mobility Initiative, 2019)
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Certain correlations are seen between the simulation results of the case study and
the statements of other universities’ research that is investigated in the literature review
in Chapter 2. As mentioned before, the northern campus of UB exhibits similar
structures to URI’s Kingston campus. The UB case study is based on an agent-based
simulation model which found that the parking space search of commuting traffic leads
to an estimated waste of 120 gallons of gasoline every hour (Guo et al., 2013). The study
by Litman (2018) shows that an appropriate parking management reduces the parking
demand by 20 % to 40 % (Litman, 2018). The considered transferability underlines the
high potential of improvement for URI when changes in the transportation management
are applied.
Due to this, URI should consider rearranging the structure of students’ class
schedules to avoid peak hour traffic and allocate traffic participants to certain lots as one
of the next steps of an appropriate parking management. University campuses from
different states of the US, such as the one of Stanford University in California, have
proven that this approach works to improve traffic systems. The change of this
reorganization would lead to a lower burden and to put the Kingston campus on the right
track toward an increase in campus sustainability.
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5.2

CHANGES IN SIGNAL TIMING
As analyzed in the different scenarios and as shown in the node evaluations, the

intersections on Route 138 that are close to URI are suffering a lot from high traffic
volumes. Most of them are controlled with the help of traffic signals. Changing the
signal timings might help certain intersections to handle the traffic but are mainly not
applicable. For instance, the intersection of Route 138 and Route 108 shows mostly
green time max-outs for both signal groups during the peak hour, which means that a
change in the signal timing would only provide an advantage to one signal group while
disadvantaging the other one even more. Due to these findings, only the reduction of
traffic volume can help this intersection work more efficiently. The implementation of
a larger roundabout with a high capacity is barely manageable since the adjacent
buildings and network elements limit the space.
Further consideration of signal controller communication on Route 138 to create
platoons that serve green waves for vehicles that travel on this route can be evaluated,
but is likely not advisable, since the road infrastructure is not featured with designated
lanes for certain movements.
Additionally, the implementation of an additional traffic signal at the intersection
of Route 138 and Lower College Road can be considered. Particularly, during afternoon
peak hours, URI-related traffic that leaves the campus has difficulties exiting Lower
College Road to proceed traveling on Route 138.
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5.3

CHANGES IN GEOMETRIC NETWORK CONFIGURATION
The simulation results show that the effort of constructing designated left turn lanes

on Route 138 does not lead to a sufficient finding of improving the traffic system around
URI’s Kingston campus. The roundabout simulation at the intersection of Route 138
and Upper College Road does not show sufficient results either and the limited space at
the location is not optimal to construct a roundabout due to the adjacent buildings. In
contrast to that intersection, the simulation results with the deployment of a roundabout
at the intersection of Route 138 and Ministerial Road shows a significant improvement
in traffic operations. The geometric conditions and the ownership structure of the current
intersection can be seen in Figure 60.

Figure 60: Geometric Conditions and Ownership Structure at the Intersection of Route 138 and
Ministerial Road (modified; red lines = adjacent properties) (Town of South Kingstown, 2020)

The adjacent properties to the intersection of Route 138 and Ministerial Road are
owned by the state of Rhode Island in the southeast (parcel 30 24) and by URI (parcels
23-1 1, 22-3 30 and 22-3 23) in alternate directions (Town of South Kingstown, 2020).
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A cooperation between URI and RIDOT to construct a roundabout at the location shows
low effort in terms of buying land from third parties, and enough space is in place to
construct such an infrastructure element.
Additionally, the TPMP plans to replace four-way-stop intersections on campus
with small roundabouts. This approach could possibly create better traffic flow on
campus.
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5.4

GENERAL RECOMMENDATION
URI exhibits great resources in several fields all over the Kingston campus. An

ambitious TPO, outstanding faculty, skilled staff, and dedicated students who represent
the next generation of the workforce influencing prospective actions, can form a
sophisticated team to solve problems. In terms of future actions, it is laudable that URI
is working with regional engineering companies to improve their campus facilities.
Even URI policy is on the right track, as the URI community can consider working in
interdisciplinary manners to solve future problems on their own.
For instance, the field of mobility can get significantly improved by the
University’s own community. The undertaken case study reflects a project that is
appropriate for interdisciplinary study or capstone projects. Data collection and
preparation can be done by a department that focuses on statistical problems, while
setting up a simulation model is a task feasible for traffic engineers, and traffic
evaluations such as the consideration of environmental assessments is a good practice
for environmental engineers, and the whole project can be accompanied by the TPO and
RIDOT. As shown by an example in Section 2.4.3 different universities, such as the
University of Cincinnati, are already using their own resources to improve traffic
conditions close to campuses. URI can follow these procedures or even be an ideal
example for other universities or communities.
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6

CHAPTER 6 – CONCLUSION

The two sections of Chapter 6 draw a conclusion to complete the thesis. Section 6.1
shortly summarizes the thesis content and Section 6.2 gives an outlook on how to
proceed in potential steps for the future.
6.1

SUMMARY
This study analyzes URI’s Kingston campus traffic volumes focusing on commuter

traffic traveling in private passenger cars. The purpose is to evaluate the traffic
performance of University-related traffic in terms of today’s current conditions,
including the University’s potential growth and/or the geometric change of the
surrounding road infrastructure at certain locations.
To accomplish the study’s goal to develop a traffic model of the URI campus
system and the surrounding road network, the following predefined objectives are
completed: the definition of a base case and scenarios to analyzes different traffic
volumes and network configurations for the total road network performance and certain
critical nodes is developed (Objective 1); accurate input data for traffic routing
assignments for the campus traffic is modeled (Objective 2); the impact of these traffic
flows based on Average Queue Lengths, Vehicle Delays, Fuel Consumptions and CO
Emissions are analyzed (Objective 3); and lastly the comparison of the scenarios for
recommendations to provide guidelines for the campus transportation sustainability is
provided (Objective 4).
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The results show that traffic volumes that are occurring in present days during peak
hours of an academic semester are already reaching and partly exceeding the road
network’s capacities. In addition to the current conditions, the simulated scenarios of an
increasing total traffic volume by 10 % worsen the conditions whereas a decrease by
only 10 % leads to significant relief. Simulation results of geometric changes depict that
the implementation of a roundabout at the intersection of Route 138, Ministerial Road
and Plains Road is highly advisable and would lead to more fluent traffic flow for URIrelated and unrelated traffic participants. In addition, the reduction of traffic volumes
and the implementation of the above-mentioned roundabout lead to a notable relief of
the environmental burden the URI-related traffic volume is producing nowadays.
URI is ambitiously working to act in a responsible manner to handle its University’s
related traffic volumes by reducing its car dominant transportation pattern. However,
the University must take further actions to improve the current traffic performance and
be prepared for a potential, sustainable growth of the University’s community.
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6.2

OUTLOOK
Regarding a future procedure, this study compiles a fundamental approach on how

the commuter traffic of URI performs today and what the University can expect in future
scenarios. The applied simulation model set up with the software VISSIM® shows
reasonable results and offers a great tool for future applications. URI can make use of
these findings in terms of the simulation model itself and the detailed data, which is
attached in the Appendices. In the prospective actions handling its campus-related traffic
volumes, the University’s own TPO can plan, simulate and evaluate specific scenarios
for how to improve URI’s traffic. Additionally, the study can be used for future
academic purposes to teach students the interdependency of occurring traffic and the
fields of sustainability or for a cooperative collaboration with RIDOT.
Furthermore, even as the case study suggests changes in the road network geometry
and states its importance to develop different traffic modal share, it must be emphasized
that the reduction of traffic volumes caused by individual passenger cars traveling in
SOVs is unavoidable to reach the goals. Due to this, the University’s policy should direct
its own community to recognize their responsibility of individual mobility behaviors.
Only with the awareness of those traveling in the area, recognizing that their individual
driving behavior impacts the result in the overall transportation situation to improve
traffic efficiency or climate change, long-term goals to improve traffic conditions can
be achieved.
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7
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